Meat no et, el oc >. 


n 


nr b 


aan a. Wee. "gr hv {Py er __ 4 . 
. 


N 


Iren OX eee ” 
* 


4 


E — 
* 
* 
o 
E 


New Celeſtial and T 


* 
7 
Yor 
* 
. 
* 
3 
— 
* 
LAS. 
Lg 
* 
4 


— 
„ 
4 
2 
= 
= 
W 
1 
. 
p 


E 


* 
* 
. 
„ 
* 
* 
* 
o 
* 
* 
- 
— 
- 
Do 
* 
: 
: 


4 
” 
< 
* 
1. 
> 
4 
. 
o 
» 


—««éé9?5k 


„ 


4 * 
* 


* n a 
1 Y 
* 


** 


e Reade 


— 


h . — 
. The N ew 


TERRESTRIAL GLOBE, | 
As Improved and Constru cted by GE O:ADAM S 
Jie Fleet Street LONDON. = 


.*- 


of 


T R E AT I 8, E 


' DescrIBING the CONSTRUC TION, 


; 3 | 
ExeLAininG £7 Us 5B 


New CelEsTIAL and Tas 


GLOBES. 


Deſigned to illuſtrate, FT 
In the molt Eaſy and Natural Manner, 


The PHOENOMENA of the | 


EARTH and HEAVENS, 


And to ſhew the - 
ConrnsPonDeNCE of the Two Sera mans: 


With a great VakIsTx of 
e and GEOGRAPHICAL PROBLEMS, 


By GEORGE ADAMS, 


Mathematical Inſtrument- Maker to His Ma JESTY. | 


ts 


The FIFTH EDITION, 


In which a ComPrEnensIve View of the SOLAR SYSTEM 


is given; and the Uſe of the GLOBES is farther ſhewn - 


in the Explanation of SypHERICAL 'F'RIANGLES. 


—— . 3 


LONDON: 


Printed for and Sold by the AUTHOR, at TYCHo 
BRAH Es Head, No. 60, in Fleet - Stieet. 


— — 


— 


— — 


M. DCC.LXXXII. 


; 
: 
: 
E 
| 
[4 
l 
: 
1 
i 


— TI 


f 
b 
7 


TO THE 


SIR, 


T is the privilege of real great- 

neſs not to be afraid of dimi-— 
nution by condeſcending to the 
notice of little things; and I there- 
fore can boldly ſolicite the pa- 
tronage of Your MajzsTy to the 
humble labours by which I have- 
endeavoured to improve the inſtru- 
ments of ſcience, and make the 


globes 


DEDICATION. 
globes on which the earth and ſky 
are delineated leſs defective in their 


conſtruQion, and leſs difficult in 
their uſe. | | 
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a is in a peculiar man- 

ner the ſcience of Princes. When 

a private ſtudent revolves the terra- 
queous globe, he beholds a ſucceſ- 
ſion of countries in which he has 
no more intereſt than in the imagi- 
nary regions of Jupiter and Saturn. 
But Vour Maj ERST muſt con- 
template the ſcientific picture with 
other ſentiments, and conſider, as 
oceans and continents are rolling 
before You, how large a part of. 
= mankind is now waiting on Your 
= _ determinations, - and may receive 
benefits or ſuffer evils, as Your 
influence 8 


4 


* 


— 


DEDICATION. 


r 


influence is extended of with- 
drawn, L 


The provinces which Your Ma- 
Is rv's arms have added to Your 
dominions, make no inconſiderable 
part of the orb allotted to human 
beings. Your power is acknow- 
ledged by nations whoſe names we 
know not yet how to write, and 
whoſe boundaries we cannot yet 
deſcribe. But Your MajzesTy's 
lenity and beneficence give us. 
reaſon. to expect the time when 
ſcience ſhall be advanced by the 
_ diffuſion of happineſs ; when the 
deſarts of America ſhall become 
pervious and ſafe; when thoſe who 
are now reſtrained by fear, ſhall be 
attracted by reverence; and multi- 


tudes _ 


cites: Oe now e 118 Woods. 
for prey, and live at the mercy 
of winds and ſeaſons, ſhall, by the 
paternal care of Your MajzsTr, 
enjoy the plenty of cultivated 
lands, the pleaſures of ſociety, 
the ſecurity of law, and the "IP . 


of Revelation. * 
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"Your Majzory's 4 

+ Sed | moſt humble, | 
1 ; wy woſt FEED | TY 
* 55 £05; moſt dutiful Hh 
5-4 | Subject and Servant, | 
EP GE ADAMS 


ADVERTISEMENT. 


:” BET NG encouraged to offer to the Pub. 

lic a fifth edition of my TREATISE 
o THE GLoBEs, I thought myſelf engaged 
to confider, whether I might not be able, by a 
feu additions, to Fenger it more uſe Io than 
the 1 8 88 


And as ſome obfervations on the be folar Hliem 
Fe to be wanting, I have herein endeg- 


voured to ſupply that cans by Pre xing 4 
4 Hort View of it. 


T have all added fome FRET problems, 
and extended the uſe of the Globes tothe ſolu= 
tion of all caſes in Spherical Trigonometry, 


which are applied to @ variety of aftron= _ 


mical problems ; and that theſe additions might 
be more inſtructive and amuſing, I bave ih 
| luftrated them by cleven copper. plates. 


A, 8 
eee 


HE connection of aſtronomy with 


„„ 
geography is ſo evident, and both 


in conjunction are ſo neceſſary to a 


learned education, that no man will be 
thought to have deſerved iil of the republic 
of letters, who has applied his endeavours 


to throw any new light upon ſuch uſefſul! 


ſciences. And as the phenomenon of the 
earth and heavens can be adequately illuſ- 
- trated only by the mechanical contrivance 
of globes, whatever improvement is made 
in theſe muſt deſerve regard, in proportion 
as it facilitates the attainment of aſtronomi- 
cal and geographical knowledge. _ a 

As to maps and all projections of the 
ſphere in plano, their ule is more difficult 
than thoſe of the globe, of which indeed 
they are only ſo many pictures; nor can 


b 255 be thoroughly underſtood without more 
ill 


= PREFACE. 


ſeill in geometry than is - commonly poſ- 
ſeſſed by beginners, for whoſe uſe the fol- 
lowing treatiſe is principally deſigned; tho” 


hope will not be altogether W 70 to 
a more 8 —_— & 


The Globes now offered to the Public are 
of a conſtruction new and peculiar ; they are 
contrived to ſolve the various phenomena of 
the earth and heavens, in a more eaſy and 
natural manner than any hitherto publiſhed; 
and are ſo ſuſpended, that the ſtudent may 
elevate the ſouth pole; a thing impraQticable 
in the uſe of the common mind 3 | 


Ct URN ER Ls eos „„ \ 
« _ . * 
44 ; 


That agreement too, which is | here 

out between the celeſtial and ter- 
reſtrial ſphere, will be found to open a large 
field of geographical and aſtronomical know- 
ledge ; and will afford both inſtruction and 
amuſement to every unprejudiced enquirer. 
This correſpondence ariſes from a compari- 
- fon of one globe with the other, or of the dif. 
tances of different places. on the earth's ſur- | 
face, with the relative diſtances of ſuch fixed 
1 as anſwer to „beg in the heavens. 
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it alſo contains ſome obſervations, which! 


PREFACE. xiii 


"By: theſe ſteps of ſcience, - the mind of 


man may be raiſed to the contemplation of 
the: divine wiſdom, which has ſo aquſted 
the proportions of days, months, ſeaſons, and 


years, in the different parts of the terraqueous : 
globe, as to have diſtributed with an impar- | 
tial hand, tho after a manner wonderfully 
various, an equal ſhare: of _ _— OT to 


80 nation under heaven. tot 8 ©36 


By theſe globes, with little 0 or no. o EXPE 
rience in aſtronomy, may be ſeen how the 
moon changes her place every night, by 
obſerving her poſition with reſpect to any 
fixed ſtar, and how ſhe proceeds regularly 
from it to the eaſtward; as the ſeveral pla- 


nets alſo may be obſerved to do, ſome more 


flowly than others, as their orbits are more 
or leſs remote from the center of the ſyſtem; 
While the regularity of their motions, ſtrictly 
conformable at all times to the laws of theic 
Creator, exhibits a ſtriking pattern of obedi- 
ence to every rational ſpectator. 


But it wil be proper in this place to in- 
form the Reader what he is to expect in the 
globes, and in the following tteatiſe intended 
to 8 and "OR hen: == Ie 


ELD + ow 
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The ſuperior accuracy with which the 
plates are drawn and engraved, will, it is 
hoped, appear to competent judges at the 
arſt fight; for the perfecting of which no 
expenee of time or labour hath been ſpared. 
The celeſtial globe is improved by the ad- 
dition of ſeveral thouſand ſtars more than 
have appeared upon any globe hitherto pub- 
liſhed; all the lateſt diſcoveries in geography 
and aſtronomy are in both of them ſtrictly 
followed ; and many new lines and circles 
are inſcribed, the uſe of WIRE will be fully 4 
* hereafter. f 2 


In wie Treatiſe we have made choice of 
that method of finding the times of equinox, 
which is the moſt modern and ſimple, and 
which perhaps gives the trueſt mean length 
of a tropical year; that the young ſtudent 
may with greater eaſe and pleaſure be made 
acquainted with the firſt principles, and 
from them be carried on to the more ab- 
ſtruſe parts of ay 


To _ this book as extenſively uſeful 
as. poſſible, I have endeavoured, with all 


the clearneſs I am maſter of, to expreſs 
both 


R EF A C E. XP 


both my own and the PT other 
authors on the ſame ſubject; and I think 
it my duty to acknowledge the aſſiſtance I 
have received in the courſe of this work, as 
well from books, as from ſome worthy 
| friends; as I would not willingly incur the 

imputation either of plagiariſm, or ingtra- 
ttitade. If there ſhonld appear to be any 

defects, to which every human work is liable, 
the Reader, I hope, will make ſome favour- 
able allowance for the undertaker of a taſk 
fo complicated and laborious, and corre&t my 
errors for himſelf, as well as het is able. 


— 


N. B. When the Reader is hereafter directed 
to apply a card, or the edge of a card, to any 
part of the globe, it is to be underſtood that he 
ſhould cut a card of any kind, exactly in the 


ſiize and ſhape of ABCD, fig. 27. for the 


globes of eighteen inches diameter; and of 
the ſize and ſhape of EFG H, for thoſe of 
twelve inches diameter; then, if the arch B 
C, or FG, are applied to the ſurface of their 
reſpective globes, the lines AB, or CD, EF, 
and GH, will become radii toe the center of 

the 


13 x. vi 5 PREFAC E. 
ide globe. It is frequently requi | 
what point, r upon. the ſtrong braſs * or „. 
broad paper circle; exact anſwers to a given | 

oint, pon. the globe; and AS this cannot be 
10 well known by inſpection, on account of the . 
5 | 5 7 heceſſaty c diſtance of theſe two circles from the 
furface, if the corner B or F be applied to the 
given point upon the globe, the edge of the 
card will exactly 45 the * or * on the 
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At elevating the 15 5 oh cant is to. 

be laid upon the broad paper circle, and its 

. * applied to the ſtrong braſs meridian ; by _ 
bk: which means the degree, and * of a . 
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SOLAR SYSTEM. 


or THE ans y 


SOLAR SYSTEM. 


ev 75 


„ - vedly eſteemed the moſt noble and 


NRX exalted branch of human literature, 


of years, months, and days, and to account 


" 1 


7 

. 
25 
*. 4* 


regards the various phœnomena of thoſe 


heavenly bodies, which the invention of 
curious inſtruments hath brought within our 
obſervation, from the ſurface — the ter- 
reſtrial VVV 1 2.” 
It diſcovers to us their ſituation, magni. 
duden diſtances, and motions; and enables 


us to determine with preciſion the length 


for the viciſſitudes of the ſeaſons; and, in 


a word, explains whatever falls within our 


35 con- 
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2 5 Apel View 


conſideration, as the proper. dare of this 
* and intereſting . 


The Solar Syſtem | 


1. Conſiſts of the ſun, (from which it 


receives its denomination,) fix primary, ten 


ſecondary planets, and the comets. Theſe, 
with that collection of innumerable | ſpheri- 
cal bodies which compoſe the univerſe, are 
called the ſyftem of the world ; all which 
appear to the inhabitants of the earth as if 
they were within one and the ſame concave 
2. The Copernican, or ſolar, ſyſtem ſup- 
poſes the ſun in the center, having a motion 
round its axis, which is completed in about 
254 days. This motion was diſcovered by 
the revolution of thoſe ſpots, which are 
frequently ſeen in its diſc, and are ſuppoſed 


to adhere to its ſurface ; and its axis is in- 


clined to the plane of the ecliptic in an angle 
of about 874 degrees. 

3. The fix: primary planets move round 
thi ſun in their reſpective elliptical - orbits, 
from welt to eat, at different — and 

| n in 


e the Solar Syſtem. » 
in various periodical times. Their names 
and characters, in the order in which they 
revolve about the ſun, are expreſſed 1 in bg. 25 
and are as follows: 


Mercury, Venus, The Earth, park | Japiter, Saturn. 
E 0 . n 


4. The planets are diſtinguiſhed from the 
fixed ſtars, by their motion, and the ſteadi- 
neſs of their light. The apparent diameter 
of the fixed ſtars is ſo ſmall, by reaſon of 
their immenſe diſtance, that every ſmall 
atom floating in our atmoſphere intercepts 
their light, and cauſes them to twinkle, 
But that of the planets being greater, as 
they are nearer to us, they ſhine with a ſtea- 
dy light. 

1 fixed fine keep their places a : 
diſtances with reſpe& to each other; but the 
planets change theirs, from one part of the 


Heavens to another. 


6. Some of the primary planets are at- 
tended with ſmaller, called ſecondary pla- 
| nets, moons, or ſatellites. Our earth is at- 
tended by the moon; Jupiter by four, and 
Saturn by five ſatellites; the nine laſt are not 
viſible without the aſſiſtance of a teleſcope. 
B 2 "0 


4 4 Comprehenſive View 

7. The obſervation of comets, ſeen ſome- 
times within the limits of the ſolar ſyſtem, 
hath been hitherto ſo imperfect, that we 


| ſhall only take notice for the preſent, that 


they are ſuppoſed to move round the ſun, 
in very eccentric orbits, and appear to us 


only when they are in that part of their or- 


bit neareſt the ſun : they move in various 
directions and inclinations; ; the lower part 
of one of theſe orbits is repreſented i in fig. 2. 
As the ſun has a number of planets and 
comets moving round him, fo every fixed 
tar is ſuppoſed to be a ſun, and to have a a 
ſyſtem of its own. 


The erbt of the planets 


8. The path deſcribed by a planet in its 
motion round the ſun is called its orbit. 
In fig. 2. their ſeveral orbits are repreſented 
_ by concentric circles : the paths which 
they deſcribe are elliptical, and the ſun is 
in one of the foci. In fig. 3, ATPV is 

an ellipſe, AP its tranſverſe, VT its con- 
Jugate diameter, S and N are its two foci, 
C is the centre of the ellipſe ; the diſtance 
between C S or CN is called the eccen- 

ky. == 


9. The 


of the Solar Syſtem, 69) 
9. The orbit of every planet is in a plane 
paſſing through the ſun, which planes are 
inclined to one another: thus in fig. 4, let 
ABCD repreſent the earth's orbit, or plane 
of the ecliptic; this is taken for a ſtandard, 
from which the inclination of each orbit of 
the planets, as ED FB, is meaſured. The 
inclination of the orbit or . is 6, 


5207, that of Venus 39, 33“, of Mars 19, 52, 


of Jupiter 19, 200, and of Saturn 25, 300. 


10. To a ſpectator from the ſun, the 
planes of the orbit of each planet produced 
to the fixed ſtars would mark, in the celeſtial 
ſphere, their ſeveral inclined heliocentric 
orbits ; their | paſſage through theſe is their 
heliocentric motion. Theſe extended planes, 
to a ſpectator on the earth, mark out in the 
ſtarry ſphere their geocentric orbits; and 
their apparent motion through theſe, is called 
their geocentric motion, 
11. The latitude of a planet ſeen from the 
earth, is called its geocentric, if ſeen from the | 


ſun its heliocentric, latitude. 


The nodes of a planet's orbit 
12. Are two points in which it inter- 
ſects the plane of the ecliptic.. In fig. 4. 

| 3 ABCD 


; 
| 
[ 
f 
| 
N 
| 
: 
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ABCD is the plane of the ecliptic ; EBFD 
is the orbit of a planet, in which the points 
B-and D are the two nodes. B the aſcend- 
ing, D the deſcending node ; the point E is 
called its greateſt northern, and F its en 


ſouthern, limit. 


13. The line of the W is a line BD 


drawn through the ſun from one node to 


the other. 
A planet, ſeen from the only: never ap- 


pears in the ecliptic, but when it is in one of 


its nodes: in all other parts of its s orbit i it * | 
1 latitude. | Fl. 


x The inferior planets 
14. Are Mercury, and Venus; they are 


called inferior, becauſe their orbits are in- 


cluded within that of the earth; ſee fig. 2. 


Mercury 


15. Moves round the ſun in 874. 23b. 
16m. which is called his periodical time. 
If we call the mean diſtance of the earth 
from the ſun 1000, the mean diſtance of 
Mercury is 387, his eccentricity 80. No 
* have yet been obſerved in Mercury ; 

there- 


of the Solar Syſtem, 0 7 


therefore it is not certainly known whether 
he turns about his axis or not; but it is 
moſt n that he does. 


8 


16. Performs her revolution round. the 
ſun in 224d. 16h, 49m. which is called 
her periodical time; her mean diſtance is 
724, and her eccentricity 5 ; her. motion 
about her axis is performed in 24 days, 8 
hours, according to Bianchini ; and the in- 
clination of her axis to the plane of the 
ecliptic, is 15 degrees. 

17. The greateſt diſtance of the earth, or 
of any planet from the ſun, is called its aphe- 
lion, or higher apſis; its leaſt diſtance is 
called the perihelion, or lower apſis. Thus 
in fig. 3. A is the place of the aphelion, P 
that of the perihelion. The axis PA of any 
planet's ellipſis, is called the line of the 
apſides; the extreme points of its ſhorteſt 
diameter TV, are the places of its mean 
diſtance from the ſun; and ST,. or SV, | 
the line of its mean diſtance. 
18. A planet is ſaid to be in 9 
with the ſun, when its apparent place, ſeen 
from the earth, is in or near the ſun's 
B 4 place; 3 
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8 4 Comprebenfve Vie 
place; ; it is faid to be in oppoſition, when | 
as earth is between the ſun and planet. 


The elongation of a planet 


19. Is its apparent diſtance from the ſun, 
as ſeen from the earth. A planet has no 
elongation when in conjunction with the 
ſun; in oppoſition, it has 180 degrees. In 
fig. 5. t Tt repreſents a part of the earth's 


orbit; T the earth, 8 the Sun; ACE an 


arch of the ſtarry ſphere, and d the place 
of Venus in her orbit. A ſpectator upon 
the earth at T would refer the ſun's place 
to thoſe fixed ſtars at C, and that of Venus 


to thoſe at D: in this caſe the angle CT D 


is the apparent diſtance between the ſun and 
Venus, and is called the angle of elonga- 


tion. 


20. An inferior planet may be in con- 
junction with the ſun in two ſituations; ; 
1. when it is between the earth and the 


ſun, called the inferior cpnjunRtion ; 2. when 


the earth is between the fun and planet, called 
its ſuperior conjunction; but it can never be 
In oppoſition to the ſun. 


21. The greateſt elongation of an inferior 


planet 1 is when a line TE, drawn from the 


earth 


| Of the Solar Syſtem. - "Y 
earth at T, through the planet at e, is a tan- 
gent to the orbit of the planet. ; 

22. As an inferior planet moves from its 
greateſt elongation at a, fig. 5. through e, 
its ſuperior conjunction, to e, its greateſt 
elongation on the other fide of the ſun, its 
geocentrio motion 1s direct. | 
23. When the earth is at T, Venus at a, 
a ſpectator at T ſees the planet at a, in the 
line Ta A among the fixed ſtars at A; 
when the planet is come to b, it appears in 
the line T b B, or amongſt the ſtars at B; 
at c, it is in its ſuperior conjunction, and ſeen 
among the ſtars at C; at d, it appears among 
the ſtars at D; and when it arrives at e, it 
appears among thoſe at E. In this motion 
Venus appears to deſcribe the arc ABCDE, 
in the concave ſphere of the heavens : and 
as theſe letters are in the ſame direction with 


abede, which expreſs the planets motion 


round the ſun, its apparent motion ſeen 
from the earth is therefore direct, from 
weeſſt to eaſt, or according to the order of the 
"Ban" | 

224. An inferior planet paſſing from e, its 
greateſt elongation, through f, its inferior 
conjunction, to a, its greateſt elongation on 

. the 


10 A Comprehenſive View 


the other fide of the ſun, its geocentric| mo- 
tion is retrograde. r | 
As Venus is moving from e to n, the 
appears. in the line Tnd D, and is ſeen 
among the ſtars at D; when ſhe comes to f, 
ber inferior conjunction, ſhe appears amongſt 
the ſtars at C; at m, ſhe is ſeen in the con- 
cave ſphere at B; and when ſhe is at a, in 
her own orbit, ſhe appears at A in the hea- 
vens. Hence, as the planet paſſed through 
enfma, in its natural motion, its apparent 
motion was backwards through EDCBA, 
or contrary to the order of the ſigns. 
25. When the inferior planets are at their 
greateſt elongation, they appear ſtationary, 
or continue in the fame place for ſome time, 
before their motion changes from direct to 
retrograde, or from retrograde to direct 
. | 
The time of the retrogreſſion of Venus is 
about 40 days; of Mercury, 18 days. 
286. In order to have a clear idea of the 
apparent motion of a planet, conceive the 
lines TaA, TbB, &c. to move with the 
earth; ſo that the points e nf ma, whilſt the 
earth performs its revolution, may run 


through the orbit of the planet. 
N Do 27. The 
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27. The inclination of the orbits of the 
planets to the plane of the ecliptic, is the 
cauſe why they do not ſeem to move in the 
ecliptic line, but are ſometimes above, and 
at others below it. In fig. 6. let NIN 
be a circle in the plane of T t the ecliptic, 
and NAN, the planet's inclined orbit, 8 
the ſun, the earth at T, and the planet at 
A; if the ſhort line VA be imagined per- 
pendicular to the plane of the ecliptic, and 
to paſs through the planet at A, the angle 
VTA, is the latitude of the planet, which 
is called the geocentric latitude, to diſtin- 
guiſh it from the heliocentric latitude, as 
ſeen from the ſun, which is repreſented by 
the angle ASV. | 

28. When a planet is in the node at N, 
it appears in the ecliptic line; as it recedes 
from thence its latitude increaſes; and this 
is different, according to the ſituation of the 
earth; ſo that the latitude is greater when 


the earth is at T, and the planet at A, than 


Ven the earth is at t, and the planet at V. 

2209. A planet is ſaid to be in quadrature 
when it is 90 degrees diſtant from the ſun ; 
the inferior planets cannot be in quadra- 
ture, as their greateſt elongation can never 


be 
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be a right angle; therefore they never ap- 


pear far from the ſun; for Venus and Mer- 
cury are only ſeen in an evening towards 
the weft, ſoon after ſun-ſet, or a little be- 
fore the ſun riſes in the morning. The 


greateſt elongation of Mercury i IS 3 3 degrees, 
and of Venus 48 degrees. 


30. As Venus moves from her ſuperior | 
to her inferior conjunction, ſhe ſets after 
the ſun, and is called the evening-ſtar ; and 
as ſhe is moving from her inferior to her ſu- 
perior conjunction, ſhe riſes before the ſun, 
and is called the morning: ſtar. 

31. The ſun, being larger than any 


planet, enlightens a little more than an 


hemiſphere; and as we can only ſee half 
a planet at once, that hemiſphere which 
we ſee is called the diſc of the planet. The 
inferior planets are not viſible to us, when 
in their inferior conjunction, but their whole 


diſc is illuminated in their ſuperior con- 


junction: and when they are in one of their 
nodes, they appear on the diſc of the ſun 


like a black ſpot; and this is called a tranſit 
of the planet acroſs the diſc of the ſun. 


As the enlightened hemiſpheres of the in- 
ferior planets are ſometimes more, at others 
lets, 
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leſs, turned towards the earth, they appear 
through a 5 to have all the phaſes of 
the moon. 

32. When venus is the evening-ſtar, 10 
| horns are turned towards the eaſt, and the 
ſun ſets before and to the weſtward of her. 
When ſhe is a - morning-ſtar, her horns are 
turned towards the welt, and the ſun riſes 
after, or to the eaſt of her; in both caſes, 
the horns are always turned from the lun. 
When ſhe is at her greateſt elongation, half 
the enlightened hemiſphere will face the 
earth, and her diſc appear as the moon does 
in the quarters; but when in any part be- 
tween that and her inferior conjunction, ſhe 
appears horned, and between her greateſt 
elongation and ſuperior conjunction, her * 
pearance is gibbous. 

33. What has been ſaid of the planet Ve- 
nus, is alſo true with reſpect to Mercury, 
with this difference, that he is direct, ſtati- 
onary, &c. ſo much more frequently, as his 
revolutions round the ſun are performed i in a 
ſhorter ſpace of time. 


The earth. 


34. The apparent motion of the ſun, af 


14 4 Comprehenfooe View | 

ing from the earth's annual motion in its 
orbit, is as follows: In fig. 7. S repreſents 
the ſun, T, the earth in its orbit Tt, and 
RO the concave ſphere of the fixed ſtars. 


Whilſt the earth is moving in its orbit from 
I to t, the ſun ſeems to move through the 


ſtarry arch from Q to R, which meaſures 
the angle RSQ, equal to the angle T'St, fo 


that the celerity of the apparent motion of the 


ſun depends upon the celerity of the angular 
motion of the earth, with reſpect to the cen- 


ter of the ſun. In a whole revolution of the 


earth, the ſun alſo ſeems to run through a 
whole eile. 


35. The earth moves round the ſun wi 


tween the orbits of Venus and Mars, in 
365 days, 5 hours, 49 minutes. Beſides 
this annual motion, it turns round its own 


axis in 24 ſolar hours; its axis is conſtantly 


inclined in an angle of 661 degrees to the 
plane of the earth's orbit, or the ecliptic, 
and keeps continually parallel to itſelf in every 
part of its revolution. 


In fig. 8. S repreſents the ſun, ABCD 


the orbit of the earth; in the periphery of 
which, the center of the earth is carried 
round the fun, according to the order of 
Yom -—" "hs 
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che ſigns, or in conſequentia. V S = re- 
preſents the equinoctial colure, S 8 V8, the 
ſolſtitial colure; the circle in each, a be d, 
repreſents the earth in the four cardinal 
points of its orbit; in which d c ſeparates 
the enlightened part c bd of the earth's diſc, 
from dac, the obſcure part of it. | 
I ̃ be plane of the earth's annual orbit, 
ABCD, extended every way to the ſphere 
of the fixed ſtars, would deſcribe the ce- 
leſtial ecliptic, which would coincide with 
the terreſtrial ecliptic, here repreſented by 
each of the circles a bed; in which e is 
the pole of the ecliptic, P the pole of the 
world, or of the equator : in all theſe pro- 
jections, æ is the equator, t the tropic of 
Cancer, L the path or vertex of London; 
and the circles cutting each other in P the 
pole of the world, are circles of right aſcen- 
ſion in the celeſtial, and of OSTER in the 
terreſtrial ſphere. TY. 

36. As the ſun always enlightens one 
half of the earth's globe at the ſame time, 
the line dc, that divides the illuminated 
from the obſcure part of the earth's diſc, is 
called the das of the diſc, 


P a, 
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2; Pd, EH Pe. repreſent ſo much of 
the earth's axis as falls within theſe pro- 
jections; ; theſe. may be called the line of 
direction of the earth's axis, which is con- 
: ſtantly carried round the annual orbit, al- 
ways parallel to itſelf. 3 
37. The inclination of the earth's 3 
will be better underſtood by obſerving fig. 
9. in which A BCD repreſents the earth's 
orbit, ſeen at a diſtance ; the eye ſuppoſed 
to be elevated a little above the plane of 
it. The earth is here repreſented in the 
firſt point of each of the twelve ſigns, as 
marked in the figure, with the twelve months 
annexed: e the pole, and e d the axis of 
the ecliptic, always perpendicular to the 
plane of the orbit. P the north pole of the 
world, P m its axis, about which the earth - 
daily motion is made from weſt to. caſt. 
PCE ſhews the angle of its inclination, 
which preſerves its paralleliſm through every 
part of its orbit. — 
38. When the earth is in the firſt point 
of Libra, the ſun then". "appears in the op- 
polite point of the ecliptic at Ariee, about | 
the 22d of September, N. S. and when 
the earth is in Aries, the ſun will then 
T appear 


a x 
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appear in Libra about the 19th of March; 
at which times of the year the edge of the 
enlightened hemiſphere is parallel to the 
ſolſtitial colure, fig. 8. and paſtes - through 
the two poles of the world, dividing. every 
parallel to the equator into two equal parts; 
whence the diurnal parallel of every inhabi- 
tant on the ſurface of the earth will, at 
either of theſe ſeaſons, be half in the Hlu- 
minated, and half in the obſcure part of the 
earth; conſequently the day and Og will 
be equal in all places. 

39. Conceive the earth to pere ava 
from = Libra to vs Capricorn, its line of 
direction keeping its paralleliſm will now 

coincide. with the ſolſtitial colure, fig. 8. and 
the edge of the diſc wil be perpendicular 
thereto, and paſs through e, the pole of the 
ecliptic. In this ſituation of the earth, all 
places within the northern polar circle are 
illuminated throughout the whole diurnal 
revolution; at which time their inhabitants 
ſee the ſun longer than 24 hours; but thoſe 
which lie under the polar circle touch the 
edge of the diſc, and therefore their inhabi- 
rants only ſee the ſun ſkim quite round their 


ren at its firſt appearance; every other 
e 1 Flarallel 
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parallel interſects the edge of the diſc z-ard |} 
as the illuminated part of each is muck 
| greater than the obſcure part, the days are 
_ conſequently at this ſeaſon, of the ſum- 
mer ſolſtice, which happens about the 2 1ſt 
of June, longer than the nights. While 
the earth is moving from Libra, through 1 
Capticorn to Aries, the north pole P, being 
in the illuminated hemiſphere, will haye fix © 
months continual day; but while the earth 
paſſes from Aries through Cancer to Libra, 
the north pole will be in the obſcure part, i 
and have continual night; the ſouth pole of 
he globe at Lea ame time hog continual 
| . 
40. Whent wet is at Quiocr, the 15 
appears: at Capricorn. At this ſeaſon the 
nights will as 'much exceed the days, as'the 
days exceed the nights, when the earth |: 
was in the oppoſite point of her orbit; for 
the nocturnal arches, or obſcure part of their 
Faths, are here equal to the illuminated parts, 
| when the earth was at Capricorn; and the 
illuminated part is here no more than the 
vbſcure h was in _ place. 
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Our ſummer is nearly eight days 
longer than the Winne 


405 By ſurainer, is meant the time in 
Which the earth is moving in her orbit from 
the vernal to the autumnal equinox; and 
by winter, the time in which it is paſſing. 
from the autumnal to the vernal equinox. 
Upon the globe it is evident that the ecliptic 
is divided into ſix northern and ſix ſouthern 
ſigns, and that it interſects the equator at 
the points marked v and a, In cer ſums 
mer, the ſun's apparent motion is through 
the ſix northern, and in winter through the 
fix ſouthern ſigns ; yet the ſun is 186d. 11h. 
$I. in paſſing through the ſix firſt, and 
only 178d. 17h. 58m. in paſſing through 
the ſix laſt. Their difference 7d. 17h. 53m. 
is the length of time by which our ſummer 
exceeds the winter. 5 
42. In fig. 16. ABCD repreſents the 
earth's orbit; S the ſun in one of its foci : : 
when the earth is at B, the ſun appears at 
H in the firſt point of Aries; and whilſt 
the earth moves from B, through C to D, the 
ſun appears to run through the ſix northern 
ſigns, Y 8 1 S Nm to S at F. When 
1 e 2 the 
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earth i is at D, the fun appears at F in the 


firſt point at Libra and as the earth moves 
fron D thro A to B, the ſun appears to run 
thro' the fix ſouthern figns, r Xx. 


to Aries at H. Hence the line FH, drawn 


from. the firſt point of Y, . the ſun 


at 8, to the firſt point of =, divides the 
ecliptic into two equal parts; but the ſame 


line divides the earth's ecliptic orbit ABC PB 


into two unequal parts, (the ſan not being 
in the center, but in one of the foci: of this 
orbit; ) the greater part BCD, is that 


which the earth deſcribes in ſummer, whilſt | 


the ſun appears in the northern ſigns ; 'the 
leſſer part is DAB, which the earth de- 
_* ſcribes in winter, whilſt the ſun appears in 
the ſouthern ſigns. C the earth's aphelion, 


where it moves the floweſt, is in the greater 


part; A its perihelion, is in the leſſer part, 1 
where the earth moves faſteſt. \ 


43. The ſun's apparent diameter is PETS 
in our winter than in ſummer, cauſed by- 


the earth being nearer to the ſun, when in 


* 


its perihelion at A in winter, than it is in 

the ſummer, when in its aphelion at C; 

which is its greateſt diſtance. The ſun's 
85 apparent 
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apparent diameter in winter is 32 min. 47 ec. 
in ſummer 31 min. 40ſec. 
I the mean diſtance of the earth 1 5 


£ hes ſun be called 1000, its eccentricity will 


be 17; its greateſt diſtance 101 LE and. Us 
leaſt OE 98 3. 


The 10 1 . 


44. The apparent motions of the ſuperior 


planets agree in many reſpects with thoſe 
of the inferior ones, * A been ae 
explained. 


Mars, Ju piter, 200 S 
Are called ſuperior planets. See fig. 2. 


45. If the mean diſtance of the earth 
from the ſun be called 1000, the mean 
diſtance of Mars is 1523, its periodical time 
686 d. 23 h. its eccentricity 141, and it 
turns round its axis in 24 h. 40 min. The 


planet Mars appears much larger and brighter 5 


when it is in oppoſition to the ſun, than 


when it is in conjunction with him. Mars 
appears gibbous when it is in quadrature, 
but full and round in LIE or oppo- 

fition. 5 


C 3 "0 


= af Comprehenſoue View 


46. -Fijhtes is the largeſt of all the planets, 
| ſee ig. 13. he revolves in 9 h. 56 m. about 
his axis, which is nearly at right angles to 
the plane of his orbit, in which he moves 
about the ſun in ſomewhat leſs than 12 years, 
or 4.332 days, 12 hours. His mean diſtance | 
from the ſun is 5201, and eccentricity E200. 
Several ſpots have been ſeen on Jupiter's 
ſurface, which appears to be ſurrounded by 
ſeveral belts, or girdles, parallel to his equa- 
tor: theſe vary in breadth and diſtance from 
one another. See fig. 13. | 
47. Saturn is the fartheſt of all the planets 
from the ſun ; his mean diſtance is 9538, 
eccentricity 547 ; he 1s 291 years in moving 
through his orbit round the ſun, or 10759 
days 7 hours. It is not yet known whether 
Saturn turns round his axis or not; but he 
18 attended with a broad thin ring, as repre 
ſented in fig. 12. The edge of this ring re- 
flects little or none of the ſun's light to us: 
the planes of it reflect the light of the ſun 
in the ſame manner in which the planet 
does. The plane of the ring is inclined to 
the plane of the ecliptic at an angle of about 
31 degrees. If we ſuppoſe the diameter of 
Saturn to be divided into four equal parts, 


the 
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the diameter of the ring will be abcut nine 
ſuch parts. The diſtance of the inner edge 
of this ring, from the body of the planet; 
is equal to the breadth of the ring. Through 
this ſpace, between the planet and his rings 
the fixed ſtars may ſometimes: be ſeen. 
48. The plane of Saturn's ring is parallel 

to itſelf in every part of its orbit. If the 
plane of the ring be produced to the ſphere 
of the fixed ſtars, it will cut Saturn's helio- 
centric orbit in two oppoſite points, called t 
nodes of the ring, As Saturn paſſes from the 
aſcending to the deſcending node of his ring, 
the northern fide of the plane of the ring 
is turned towards the ſun; as it moves from 
the deſcending to the aſcending node of the 
ring, the ſouthern ſide of its plane is to- 
wards the fun, When Saturn's ring appears 
elliptical, as in fig. 12. the parts about its 
longeſt axis reaching beyond the planet's 
diſc, are called arn/z, which a little before 
and after the diſappearance of the ring, are 
unequal in magnitude. When Saturn is in 
the heliocentric place of either of the nodes 
of his ring, its plane produced paſſes thro! 
the ſun, and then the ring becomes inviſible 
C 4 The 
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The ſuperior | planets are ſometimes in 
conjunction with the ſun, ſometimes in qua- 
drature, and ſometimes in oppoſition. 
49. When the earth is in ſuch a tation, 
that a line drawn from a ſuperior planet to 
the earth becomes a tangent to the earth's 
orbit, the ſuperior planet appears. ſtationary. | 
If the earth be at a or g, fig. 10. or 11. and 
the planet at I; Ig, and I a, are tangents to 
the earth's orbit; in which places the planet 
ſeems to ſtand ſtill, or to have no en 
motion. 

50. When a FI 1 5 os I | 1 
moving from one of its apparent ſtations A, 
through its conjunction D to 05 its 1 118900 

tric motion is direct. e | 
Fig. 10. Whilſt the * aibving 8 | 
a, through d to g, a ſuperior planet at I, 
appears to move in A D G, the concave 
ſphere of the heavens, from A, through its 
conjunction D, to its other ſtation G; whence 
its apparent motion ſeen from the earth is 
direct, or in conſequentia, which is from 
weſt to eaſt, according to the order of the 
ſigns. x „ 
51. Obſerve in fig. 10. that one end a 

of the ling a1 A, drawn from the earth at 
a, through 
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a, through the - planet's place at I, to the 
concave ſtarry ſphere A D G, attends the 
earth, as it moves through abcdefg; and 
the middle of it is ſuppoſed to turn round 
upon the planet as a center at I, the other end 
A will then mark out the planet's apparent 
motion in the heavens. 80 that the arch 
ABCDEFG, will be that which the planet 


appears to deſcribe ; and therefore the order of 


the letters expreſſes its motion in conſequentia. 
52. When a ſuperior planet is paſſing from 
one ſtation to the other through the oppo- 
fition, its geocentric motion is retrograde. 

As the earth is paſſing from g, fig. 11. 
through k to a, the planet at I appears to 
move from G, through K its oppoſition, to 
A; in this caſe the apparent motion of the 
planet at I, ſeen from the earth, is retro- 
grade, or in antecedentia, that is, from eaſt 
to weſt, or contrary to the order of the ſigns. 
If the end g of the line g 1G, fig. 11. at- 
tends the earth through g ml Kk nh a, and 

the middle of this line turns round upon the 
pPlwGKhanet at I, the other end g will deſcribe 

the arch GMLKNHA, which is contrary 
to the order of the letters in fig. 10. and 
therefore retrograde. 


53. The 


; | 5 
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53. The time of the retrogreſſion of Mars 

is about 3 months; of * 4 months z 
1 and of Saturn, 4+ months. . IRS 
[| The planets viewed en a e ; 
= - are ſtripped of their adventitious rays, and 
| appear like circular planes, of a determinate 
magnitude, whoſe — 9 * mea- 
tured by a micrometer. 5 
54. The ſuperior gt are. I MAR 
nearer our earth than at otheritimes ; whence 
they appear larger or leſs,” according to their 
different diſtances from us. And as ther 
are nearer to us than the fixed ſtars, they | 
| may paſs between us and ſome of the ſtars : 
| | and as they go round the ſun in orbits larger 
0 than that of the earth, they always turn 
much the greateſt part of their illuminated 
| hemiſphere towards the earth, and therefore 

g appear at all times round, or full, except 
| only Mars, which in the «nant is * 
little gibbous. 12 
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NH # 55. Three of the primary planets, ' viz. 

1 the Earth, Jupiter, and Saturn, in their 

| [Ez xevolutions round the ſun, are attended with 

leſſer planets, which move round each of _ 
their 


— 
* 


Aquarius. 


Capricornus. 
June 
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their reſpective primaries, WE to the 
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The Moon 


* Moves round: the earth in an orbit, 
| whoſe ſemidiameter is about 604 ſemidiame- 
ters of the earth; its eccentricity 34 of the 
earth's ſemidiameters, the plane of the 
earth's orbit, produced to cut the plane of 
the ecliptic, makes an angle with it of about 
51 degrees. The points wherein it interſects 
the ecliptic, are called the moon's nodes; 
theſe nodes have a ſlow regreſſive motion 
of 1929, 19', 43%, in a year, which carries 
them round the ecliptic, contrary to the or- 
der of the ſigns, in 18 years 234 days. The 
moon's periodical time is 27 d. 7h. 43m. 
and her rotation round her axis is performed 
in the ſame time. Her eccentricity and in- 
clination are both variable. The orbit which. | 
the moon deſcribes round the earth is ellip- * 
tical, the earth being in one of its foci; 
and when the moon is at her greateſt diſ- 
tance from the earth, or in her higher apſis, 
ſhe is ſaid to be in apogæo; and when in 
her lower apſis, or leaſt diſtance, in perigæo. 


57. When 
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57. When the moon is at A, fig. 14. 
in conjunction with the ſun at 8 „and the 
earth at T, it is called New Moon; and 
when in oppoſition at E, it is called Full 
Moon. The ſyzigies of the moon is a 
common term to expreſs both its conjunc- 
tion and . 

58. The moon's aſcending node is called 
the Dragon's Head, and is thus marked g; 
its deſcending node the Dragon's Tail vp. 

59. A periodical month contains 27 d. 
7h. 43m. in which time the moon de- 
{cribes her orbit; a ſynodical month con- 
tains 29d. 12h. 43 m. 3 ſec. . which is the 
time that paſſes between one new or full 
moon, and the next of the fame name 
which ſucceeds it; this is longer than a 


1 * month about 2 days, 5 haurs. 


60. In fig. 15. S repreſents the fun, AB 
part of the earth's orbit, ML repreſents a 
diameter of the moon's orbit, when the 
earth is at C; and ml another, diameter, 
parallel to ML of the ſame orbit, when the 
, earth is removed to D. Whilſt the earth 
is at C, and the moon at L, in conjunction 
with the ſun, as the earth moves from C 
to D, and the moon's orbit moves with it, 

e | the 
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the diameter ML will then be in the po- 
ſition ml; ſo that when the moon has de- 
ſcribed its orbit it will be at 1; but then the 
ſun being at 8, the moon will not yet be in 
conjunction; therefore the periodical month 
is completed before the ſynodical, and be- 
fore the moon can come into conjunction 
with the fun. When the earth is at D, 
ſhe muſt move from l to e, in the diameter 
ge; whence, beſides going round her or- 
bit, ſhe muſt defcribe the arc le; conſe- 
quently the ſynodical is longer than the 
periodical month by che quantity of the 


e 


61. We do not ſee the moon at the con- 
junction, but at the oppoſition her whole 
diſc is enlightened. wo 
In fig. 14. aTb repreſents a part of the 

earth's orbit, S the ſun, T the earth, ACEG 
the moon's orbit. If the moon is at A, it 
will be on the ſame fide of the earth with 
the ſun, or in conjunction ; and the ſun will 
then be beyond the moon: therefore the 
| ſun does not ſhine on that hemiſphere of 
the moon towards us; whence to us het 
whole diſe muſt be dark. 

62. When 
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8 62. When the moon is at E, it will be 
| in oppoſition, and the earth between it and 
the ſun; conſequently that hemiſphere which 
is viſible to us, will be the ſame hemiſphere . 
upon which the ſun ſhines; therefore her 
whole diſc towards us will be enlightened, 
1 | or the moon will be full. : 
= 63. Fig. 14. The moon's diſc is half 
1 enlightened when ſhe is near the quadra- 
| tures at C or G, her apparent diſtance 
from the ſun at S being then 90 degrees: 
1 when the moon 1s between the conjunction 
1 gat A, and either of the quadratures G or C, 
| the illuminated part of it appears horned, 
as at H and B. When between the full at 
E, and the quadratures G or C, the diſc 
appears gibbous, as at D and F. When 
the moon is at A, it is new; as ſhe moves 
from A to C, it is ſaid to be in the firſt 
quarter; from C to E, in the ſecond quar- 
ter; from thence to G, in the third quar- 
ter; and from G to A again, in the laſt 
quarter. | 5 
After the new moon, her horns are 
turned towards the eaſt, and before new 
moon towards the weſt; and when ſhe is 
horned, that part of her diſe upon which 
the 
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the ſun des not ſhine," has yet __ enough 
to make it faintly viſible. 
The fame ſide of the moon is r 


turned towards the earth; and her ſurface is 
not ſmooth, but uneven and mountainous, 


as may be ſeen with the aſſiſtanee of a tele- 
ſcope, either in the firſt or laſt quarter. *; 


The ſatellites of Jupiter and Saturn. 


64. The diſtance of Jupiter's innermoſt 
ſatellite from his center is 5.667 ſemidia- 
meters of the planet; the ſecond, 9. * 
the third, 14.384; and this fourth, 2 5. 299 


| ſemidiameters. 


The periodical time of hu $ firſt 
fatellite is 1d. 18h. 27m. 34 ſec. The 


Af 


ſecond is 3d. 13h. 13 m. 42 ſec. Th 


third is 7d. 3h. 42m. 36 fee. Aud the 
fourth is 16d. 16h. 32m. 9 ſec. 


65. The plane of the orbit of every ſe- 


condary planet is parallel to itſelf in every 1 
part of the orbit of its primary. The orbits 
of all Jupiter's ſatellites are nearly, but not 


exactly, in the ſame plane; which produced 
makes an angle with the orbit of Jupiter 
of about 3 degrees; the ſecond deviates a a 


little from the reſt. 


66. A 


8 —_ 4 Cortprehenſwe nue View 

66. A ſatellite in one of its nodes appears 
in the orbit of its primary : in all — 5 parts 
of its orbit it has latitude. 5 
If the plane of any circle deed ſs 
through the eye, it appears to be a ſtraight 
ine; conſequently every circle, viewed ob- 
liquely, will appear elliptical ; ſo that 

When a ſatellite is in its node, at the ſame 
time that its primary's heliocentric place is 
in the fame degree of the ecliptic with it, 
and the earth in its geocentric node; at that 
time the orbit of the ſatellite appears a ſtraight 
line. When the primary is in any other 
part of his orbit, the ſatellite's orbit will | 
appear an ellipfis, whoſe: ſhorteſt axis in- 

_ creaſes in proportion as the primary is far» 
ther diſtant from the ſatellite's node. 

The orbit of the earth is fo ſmall, when 
compared to thoſe. of Jupiter and Saturn, 
that in whatever part of her orbit ſhe may 
happen to be, when either of theſe planets 
are in the nodes of their ſatellites, theſe laſt 
will appear to deſcribe lines very mad 
ſtraight, | 

67. When a fatellite is in that ſeraicircle 
which is fartheſt from the earth, its geo- 
centric motion is direct; when it is in that 

neareſt 
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neareſt to the earth, its geocentric n motion is 
retrograde, | 

Any ſatellite is at its gresteſt elon gation 
from its primary, when a line, ſuppoſed to 
be drawn from the earth through the ſatellite, 
is a tangent to the ſatellite's orbit. 

In fig. 17. B a C repreſents a part of Ju- 
piter s. orbit, NAL M the earth's orbit, 8 
the ſan, DGFH the orbit of Jupiter s outer- 
moſt ſatellite. When the earth is at A, and 
the ſatellite at E or D, in the tangent line 


AE or A D, then this fatellite, ſeen from 


the earth at A, will appear at a greater diſ- 


* tance from the primary, than it can do in any 


other ſituation. 
68. Every ſatellite appears in conjunction 


with its primary, when it is between the 


earth and. its/ primary ; and alſo, when the 


primary is between the earth and ſatellite ; 


the firſt is called its inferior, the laſt its ſu- 
perior conjunction. 

The apparent motion of any ſatellite is 
direct, as it paſſes from D, fig. 17. its greateſt 
elongation, through P, its ſuperior con- 
junction, to E, its greateſt elongation on the 


other ſide; its geocentric motion ſeen from 


the earth at A, being then from weſt to 
— | eaſt, 
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34 : l Comprehenſroe View 
HEY _ eaſt, in conſequentia, or according to the or 
Va der of the ſigns. 


_ © pation'on one fide of its primary, through H, 


plain, that its motion ſeen from the earth at 
A, is from eaſt to weſt, in antecedentia, or 


69. The fatellites are ſeen ſometimes 1 to 
the weſt and fometimes to the eaſt of their 


| ferior conjunction. 
70. The diſtance of Saturn's innermoſt 


ſatellite from the center of the primary, is 
1,93 ſemidiameters of the ring, the ſecond 
2,47, the third 3, 47, the fourth 8,00, and 
of the ring. 
The periodical time of Saturn s inner- 


moſt ſatellite is 1d. 21 h. 18 m. 27 fec. 


third, 4 d. 12 h. 25 m. 12ſec. The fourth, 


ſatellite's 


Any fatellite's apparent motion is retro- 
grade, as it paſſes from E, its greateſt elon- 


the inferior conjunction, to D, its greateſt 
elongation on the other ſide; it is therefore 


contrary to the order of the ſigns.. at 


reſpective primaries; they cannot be ſeen 1 in 7 
their ſuperior conjunction, and are ſeldom 


diſtinguiſhed from their kan in their in- 


the diſtance of the fifth 2 23.4 5 ſemidiameters ; 


The ſecond, 2 d. 17h. 41m. 22ſec, The 


15 d. 22h. 41 m. 14 ſec. And the fifth 
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of the Solar Syſtem. 3 
ſatellite's periodical time is 79d. 7h. 48m. 

71. The ſatellites of Jupiter and Saturn 
caſt a ſhadow upon their primary, which 
may be ſeen to paſs over the diſc of the 
planet like a ſpot; they alſo frequently fall 
into the ſhadow of their primaries, and are 
eclipſed ; which may be obſeryed by the 
help of a teleſcope. 

72. Fig. 12, 13. repreſent the different 
magnitudes of the primary and ſecondary 
planets, with the proportion which they 
bear to each other, and to a globe of twelve - 
inches diameter, which 1s 1855 to reprę- 
ſent the ſun... 


* 
| 


The alle of the heavenly bodies 


73. Is the change of their apparent places, 
when viewed from different ſtations. 

The diurnal parallax is the change of the 
apparent place of a fixed ſtar or planet, or 

of any celeſtial body, ariſing from its being 
viewed on the ſurface, or from the center 

of the earth. The fixed ſtars have no diur- 
nal parallax, the moon a conſiderable one: 2 

that of the planets is greater or kf, accords 
ing to their diſtances. 5 N 
| D 2 74. In 
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74. ks fig. 18. IAK repreſents the earth, 
T its center, AB the ſenſible, TL the 


real horizon of a ſpectator upon the earth 


from T, the center of 


at A, M the moon, S the ſun, both in the 
ſenſible horizon: if ſeen from A, they will 
appear in the horizon at B; but if ſeen 
e earth, they will 
appear amongſt the fixed ſtars at C and D; 
that is, the moon would appear in the line 
TM, and the fun in the line TSC: 
theſe are called their true places ; the arch 
B is called the ſun's parallax, and BD 
that of the moon. The. angles BS C, and 

BMD, are called the parallactic angles, 
which are reſpectively equal to the angles 
AST, and AMT; under which, AT, a 


ſemidiameter of the earth paſling through 


A, the place of the ſpectator, would appear, 
if ſeen from the ſun or moon. | 

55. If a planet is above the horizon at 
E, its true place ſeen from . the center of 
the earth is at F, its apparent place at G, 
and its parallax is V G. Hence it is plain, 
that the higher the planet 1 is elevated above 
the horizon, the leſs is its parallax; and 
when it is directly over the head of the 
ſpectator at H, it will have no patallax at 

all; 


all; its apparent place in the heavers being 
Z, whether it be ſeen from A or T. It is 
obſervable, that the apparent place G, of a 


planet at E, ſeen from the earth at A, is al- 


ways lower or farther from the zenith Z, 
than F, its true place ſeen from T, except 
when the planet is vertical, or at H ; ſo that 
the horizontal parallax is greateſt of all. 

76. The diurnal parallax of a planet in 
a vertical circle cauſes one of right aſcenſion 
and declination, unleſs it be on the meridian, 
when there is only a parallax of declination: 
it alſo cauſes a parallax of longitude and lati- 
tude, unleſs the vertical circle i is a 9 
of the ecliptic. 


In fig. 18. WL repreſents the horizon, 


VT an arch of the equator, cutting the 
horizon at T; TP the axis of the world, 
and P the celeſtial pole, Z the zenith, Z X 
a vertical circle, R the planet's apparent 


place therein, if ſeen from the earth's ſur- 


face; and its apparent place in the ſame 
vertical, if it could be ſeen from the earth's 
center: then RY is its parallax. PRO is 
a ſecondary of the equator, paſſing through 


the planet, and PV Q, another ſecondary, 


paſſing through its apparent place at Y; 
D 3 whence 
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38 A Cemprebenſive View 
whence its declination, ſeen from the cen- 
ter, is OR, and from the ſurface Q; 
the difference N Y, between and QN, 
is the parallax of declination, When the 
planet is at R, the ſecondary PRO, paſſes 
through the point O of its rizht aſcenſion 
upon the equator, but the ſecondary P V Q, _ 
paſſes through Y, the planet's apparent place, 
and Q its right aſcenſion upon the « equator z 
whence the parallax RY, makes a differ- 
ence, or JT, QO, in right aſcen- 
ſion. 

1 If a, be the apparent Hs _ a planet 

upon the meridian Z VW, when ſeen from 
the ſurface, and b, when viewed from the 
center of the earth, ab is its diurnal paral- 
lax in a vertical circle Z W to the horizon ; 
but this ſame circle is alſo a ſecondary to the 
equator, whence there can be no parallax of | 
right aſcenſion. 

Now ſuppoſe P the pole of WY: which 
is now called an arch of the ecliptic cut- 
ting the horizon WL in T, Z X a vertical 
circle, let RY be the planet's parallax, 
PRO a ſecondary of the ecliptic paſling 
througſ the planet, when ſeen at R from 


the ſurface of the earth; PYQ another 
lecondary, 
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ſecondary, paſſing through it, if it could 
be viewed from the earth's center, ſo as to 
appear at Y; when at R, its latitude is RO, 

when at J, its latitude is Q Y, the difference 
NY, is the parallax of latitude. 

728. When the planet appears at R in 
PRO, the ſecondary of the ecliptic, the 
point O is its longitude from the firſt point 
of Aries ; but when at Y in the ſecondary 
PYQ, Qis the point of its longitude; 
whence the difference QO is the parallax of 


longitude. 
But if the planet be in a vertical circle 


Z W, which paſſes through P, the pole of 


the ecliptic, it can only have a parallax of 
latitude and none of longitude. Let a b 
be the parallax of latitude; whence from 
either ſtation, a b will be its parallax of 
| latitude; and as there can paſs but one ſe- 


condary through both, there can be no paral- 


lax of longitude. 

The annual parallax of any heavenly 
body ariſes from its being ſeen . from the 
earth, , when it is in different parts of its 
orbit. | 
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2 A Comprehenſive View 


The refraction of the atmoſphere, 


| 79. If a ray of light enters a tranſparent 


medium obliquely, it does not paſs ſtraight 
on, but is bent at the point at which it en- 
ters: this bending is called refration. | - 


In fig. 19. AC repreſents the ſurface of 
the earth, T its center, BP a part of the 
atmoſphere, HE K the ſphere of the fixed 
ſtars, AF the ſenſible horizon, G a planet, 


GD a ray of light proceeding from G to 


D, where it enters our atmoſphere, and is 


refracted towards the line DT, which is 


perpendicular to the ſurface of the atmo- 


ſphere; and as the upper air is rarer than 
that near the earth, the ray is continually 
entering a denſer medium, and is every 
moment bent towards T, which cauſes it 
to deſcribe a curve, as D A, and to enter a 


ſpectator s eye at A, as if it came from E, 
a point above G. And as an object always 
appears in that line in which it enters the 


eye, the planet will appear at E, hi gher 
than its true place, and frequently above 


the horizon A F, when its true place i is — 
it at G. EY | 
The 
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The greateſt refraction is when the planet, 
&c. is ſeen in the horizon, being 33 min. 
When its altitude is 20 deg. the refraction 
is 2 min. 14 ſec: at 40 deg. of altitude it is 
58 ſec: at 60 degrees of altitude it is 29 ſec. 
and ſo becomes inſenfible, as the altitude 
increaſes, 
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Solar and lunar eclipſes. 
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80. An eclipſe is a deficiency of light in 
the hcavenly bodies. In an eclipſe of the ſun, _ 
its light is intercepted from the fight of the 

inhabitants of any part of the earth, by the 
moon paſſing between them and the ſun; 
and as its diſc is either partly, or wholly, co- 
yered, it is called a partial or total eclipſe. 

Ah eclipſe of the moon is cauſed by her 
paſſing through the ſhadow of the earth, 
whereby ſhe is deprived of the ſun's light. 

The ſun can never be eclipſed but at the 

time of New Moon ; neither can there be 
an eclipſe of the moon, but at the time of 
the Full Moon: in the firſt caſe, the New 
Moon muſt be within 18 degrees, in the 
laſt, the Full Moon within 12 degrees, of 
one of her nodes. 25 


+: 
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ks A Comprehenſive View 
Thbeſe luminaries are not eclipſed every 
New and Full Moon, becauſe the moon's 
motion is not in the plane of the ecliptic, 
in which the ſun and earth always are. 
Hence the moon's latitude is oftentimes ſo 
much increaſed at the time of the New 
Moon, that her ſhadow does not touch the 
earth; and at the time of Full Moon, ſhe © 
as frequently paſſes by the earth's ſhadow 
without entering into it : but when the 
moon's latitude is inconſiderable, which 
only happens when ſhe is within the limits 
above mentioned, the then appears either in 
or near the ecliptic. 2 
Let HG, fig. 20. repreſent the ING of | 
the moon, EF the plane of the ecliptic, 
in which the center of the earth's ſhadow 
always moves; N, the node of the moon's 
orbit; A, B, C, D, repreſent four places 
of the earth's thadow in the ecliptic : when 
ber ſhadow is at A, and the moon paſſing 
by at I, the will not enter into the ſhadow ; 
* but when the Full Moon is nearer to the 
| node at K, only part of her globe paſſes 
through the ſhadow B, and that part be- 
comes dark: this is called a partial eclipſe. 
When the Full Moon is at M, ſhe enters 


into 
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of the Solar Sytem. 13 
into the ſhadow C; in paſling through 
it ſhe becomes wholly darkened at L, and 
leaves the ſhadow at O. This is called a 
total eclipſe: and when the moon's center 
paſſes through that of the ſhadow, which 
can only happen at the very titne ſhe is 
in the node at N, it is called a central 

eclipſe. . 
We have not yet mentioned the atmo- 
ſphere, which requires our conſideration, 
while we are treating of lunar eclipfes; for 
the ſhadow of the earth does not reach the 
mcon. In fig. 21. T repreſents the earth, 
B C DB gf its atmoſphere, AB, AB, 
rays proceeding from the fun at 8, touching 
the atmoſphere at B and B; thefe go 


ſtraigbt on, and terminate the ſhadow of the 


atmoſphere at H. The moon is conſtantly 
enlightened by the ſun's rays until ſhe en- 
ters this ſhadow, when ſhe becomes fainter, 
as ſhe continues to move between A BH 
and ABH, 

The rays which enter the atmoſphere 
obliquely, are refracted, and bent into 
curves that touch the earth; all the light 


between Pf and G oy is intercepted by the 
earth; 


* 


44 4 Comprehenſive View 


earth ; and the rays CE, DE, ts the 
earth's ſhadow. 

The light between Ff, and AB, is re- 
| fraQted by the atmoſphere, and diffuſed be- 
| tween CE, and AB, and continued beyond 
E, the point of the earth's ſhadow : whence 
it is plain, that the light proceeding from 
the ſun becomes continually weaker, the 
farther it is from the earth ; ſo that the 
ſhadow of the atmoſphere is but a weak 
light, and therefore the moon is vilble ir in an 
eclipſe. | 
The ſhadow of the atmoſpbere i is coni- 
cal, becauſe the diameter of the ſun i is greater 
than that of the earth. This cone does not 
reach ſo far as the planet Mars: but the 
diameter of the ſhadow, in the place where 
it cuts the moon's orbit, is not t ech leſs than 
the earth's diameter. 

A ſolar eclipſe happens, when the New 
Moon is in or near the node. In fig. 22. 
S repreſents the ſun, M the moon, her 
ſhadow falling upon DC, a part of the 
earth's circumference, which is ſurrounded = 
by a penumbra. Beyond A and F, the 
earth is illuminated by an entire hemiſphere 
of the ſun. As you move from A to C, 


or 


of the Solar Syſtem. x: 45 | 


or from F to D, the light is continually 

diminiſhing ; and near C and D, the rays 

| Tome to the earth only from a ſmall point of 
the ſun's ſurface. 

This diminiſhed light, which ſurrounds the 

| ſhadow every way, is called the penumbra. 

An obſerver at B or E, can only ſee half the 


ſun's diameter, the reſt being hidden by the 


interpoſition of the moon. If the obſerver 
moves from B to C, or from E to D, the ſun 
will be more and more withdrawn from his 
ſight, until it becomes wholly inviſible in the 
ſhadow itſelf; whence it is plain, that there 
may be a ſolar eclipſe, although the ſhadow 
of the moon does not touch the earth, if the 
penumbra comes to its ſurface. 

When the moon's ſhadow falls upon the 
earth, it is called a total eclipſe of the ſun ; 
if the penumbra only reaches the earth, it 
is called a partial eclipſe of the ſun: with 
reſpect to particular places, it is faid to be 
total where the ſhadow paſles ; central, 
where the center of the moon covers that 
of the ſun ; and partial, where the penum- 


bra only goes by, as it is repreſented in 


tig. 23. 
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* 4 Com rebenfrve View, &c 
The wider the ſhadow CD, fig. 22. is, 


che longer the ſun will be totally eclipſed, 


and a larger ſpace of the earth will be un- 
der the ſhadow ; but its breadth will. yary, 
as the diſtance of the moon from the earth, 


and of the earth from the ſun varies: 3. for 
when the earth is in peribelion, and the 


moon in GEE that is, at its greateſt diſ- 
moon does not reach the earth, and the 
moon does not cover the ſun: this Is called 
an t — as 18 ain in fig 2 * 
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As Improved and peel, by GE. O0:ADAMS | 
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NEN F the 5 of a 3 be 


. I * turned ronnd its diameter a8 an 


KFXEX axis, it will generate the ſurface of 
a globe or ſphere, . and the center of the 
ſemi-circle will be the center of the globe: | 


it therefore follows, that as all the points in 


the circumference of the ſemi - circle, are at 
an equal diſtance from its center, ſo all the 
points of a globe, thus generated, muſt be 
the lame. 


82. Any f 


48 | Deſtription an Uſe of the 


82. Any ftraight line paſſing through the 
center of a globe, being terminated by its 
ſurface, is called a diameter; and that dia- 
meter about which the globe turns, is called 

its axis; the extremities of which are called 7 
the poles of the globe. 

83. There are two artificial globes... That 
on which the 1urface of the earth is repre⸗ 7 
ſented, is called the terreſtrial globe. 

_ $4. The other on which the face of the 
ſtarry ſphere is delineated, is called _ ce- 
leſtial globe. 5 

85. In the uſe of the terreſtrial 3 we 
are to conſider ourſelves ſtanding upon ſome 
part of its ſurface, and that its motion repre- 
ſents the real diurnal motion of the earth, 
which is from weſt to eaſt. 

306. In the uſe of the celeſtial globe, we | 
are to ſuppoſe ourſelves at the center, and 
that its motion repreſents the apparent diur- 
nal motion of the heavens, which is from 

eaſt to welt, | 

87. Note, The ſtars being delineated upon 
the convex ſurface of the celeſtial globe, 
we muſt ſuppoſe ourſelves at the center; 


becauſe unger ſuch a * TY would 
appear, 
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appeat, as they naturally do, in the concave 
ſurface of the heavens. 

88. Several circles are deſcribed upon the 
fu rface of each globe. Thoſe whoſe planes 
paſs through the center of the globe, are 


called great circles; ſome of which are gra- 
duated into 360 degtges. 9 of which make 


a quadtant. - 

89. Thoſe. circles Abole a do not 
paſs through the center of the globe, are 
called leſſer circles. | 


9o. Our new terreſtrial and celeſtial 1 | 
fig. 1. and fig. 25. are each of them ſuſpend= 


ed at their poles in a ſtrong braſs circle 
NZA SN, and turn therein upon two iron 
pins, which are the axis of the globe. They 
have each a thin braſs femi-cirxcle NHS 
moveable about the poles, with a ſmall thin 
ſliding circle thereon. 

91. On the terreſtrial globe, fig. 1. this 
ſemi-circle NHS is a moveable meridian, 
and its ſmall fliding circle H, the viſible ho- 
rizon of any * place to which it is 
el. 

92. On the celeſtial globe, fie. 2 5, this 
0 ſemi-circle NHS is a moveable circle of 


E decli- 
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50 | Deſcription and Uſe of the 
declination, and its ſmall cirele H, an arti- 


ficial ſun or planet. 
93. Each globe hath a braſs wire circle, | 


TWY, placed at the limits of the crepuſ- 


culum, or twilight, which, together with 


the globe, is ſet in a wooden frame: the up- 
per part BC is covered with a broad paper 

circle, whoſe plane divides the globe into 
two hemiſpheres, and the whole is ſupported 
by a neat. pillar and claw, with a magnetic 


needle in a compaſs box at M. 


94. On our new terreſicial globe, the 


diviſion of the face of the earth into land 


and water, is accurately laid down from 
the lateſt and beſt aſtronomical, geographi- 
cal, and nautical diſcoveries. There are 
alſo many additional circles, as. well as the 
rhomb-lines, for the greater eaſe and conve- 
nience in ſolving all the neceſſary grogre- 


phical and nautical problems. 


95. On the ſurface of our new celeſtial 


globe, all the ſouthern conſtellations, lately | 


obſerved at the Cape of Good-Hope by M. de 


la Caille, and all the ſtars in Mr. Flamſted's 


Britiſh catalogue, are accurately laid down, 


and marked with Greek and Roman letters 


of reference, in imitation of Bayer. Upon 
| each 


Celeſtial and Terreftrial Globes. 51 
each ſide of the ecliptic are drawn eight 
parallel circles at the diſtance of one degree 
from each other, including a ſpace of fix- 
teen degrees, called the zodiac; theſe are 
croſſed at right angles with ſegments of 
great circles at every fifth degree of the 


ecliptic, for the readier noting the place of | 


the moon or any planet upon the globe. 

96. We have alſo inſerted from Ulugh 
Beigh, printed at Oxford, A.D. 1665, the 
manazil al kamer, 1. e. the manſions of the 
moon of the Arabian aſtronomers ; which 
are ſo called, becauſe they obſerved the 
moon to be in or near one of theſe every 

nizht, during her monthly courſe round the 
* to each of which the Arabian cha- 
racters are fixed. They may be of very 


great uſe to beginners to teach them the 
names of the ſtars, as well as to mariners 


ſor the ſame purpoſe; who may have occa- 
fion to obſerve the diſtance of the moon 
from a fixed ſtar, in the new method of 
diſcovering the longitude at fea. They will 
| likewiſe ſerve to ſhew, how the moon paſſes 
from ſtar to ſtar in the courſe of one or 


ſeveral nights, which is a very curious and 


an amuſement; and as they are a divi- 


. 8 ſion 


„  Deſeription and Uſe of the 


ſion of the heavens different from any thing 


the Greeks were acquainted with, and there- 
fore not borrowed from them; and as we do 
not know they were ever inſerted on any 


globe before, we hope we have with pro- 


priety placed them on our new celeſtial globe. 
See Coſtard's Hift. of Aſtronomy, p. 40. 


The Soca paper circle BC on the 
ſurface of the wooden frame which 
ſupports the braſs meridian 1 85 


97. Contains four concentric circular 
ſpaces. The innermoſt of which is divid- 


ed into 360 degrees, and numbered into 


four quadrants, beginning at the eaſt and 


weſt points, and proceeding each way to 


go degrees at the north and ſouth points; 
theſe are the four cardinal points of the 
horizon. The ſecond circular ſpace con- 
tains, at equal diſtances, the thirty-two 


points of the mariner's compaſs. Another 
circular ſpace is divided into twelve equal 


parts, repreſenting the twelve ſigns of the 
zodiac; theſe are again ſubdivided into 30 
degrees each, -between which are en- 
graved * names and characters. This 


ſpace 
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ſpace is connected with a fourth, which 
contains the kalendar of months and days; 
each day, on the new eighteen-inch globes, 
being divided into four parts, expreſſing the 
four cardinal points of the day, according to 
the julian reckoning; by which means the 
ſun's place is very nearly obtained for the 
three common years after biſſextile, and the 
intercalary day inſerted without confuſion. 
Whence we derive the following 


PROBLEM I. 


To find the fan's place any day in the 
year on the broad paper circle. 


98. Confider whether the year in which 
you ſeek the ſun's place is biſſextile, or the 
firſt, ſecond, or third year after. 

99. If it be the firſt year after biſſextile, 
thoſe diviſions, to which the numbers for 
the days of the month are affixed, are the 
reſpective days for each month of that year 
at noon; oppoſite to which, in the circle 
of twelve ſigns, is the ſun's place. 
100. If it be the ſecond year after biſſex- 
tile, the firſt quarter of a day backwards, 
or towards the left hand, is the day of the 
TN E 3 month 


54 Deſeription and Uſe of. the 
month ſor that year; againſt which, as be- 
fore, is the ſun's place. s 

Tor, If it be the third year aſter biſſextile, 
half a day backwards is the day of the 
month for that year, oppoſite to which is 
the ſun's place. 

102. If the year i in which you ſeek the 
fun's place is biſſextile, then three quarters of 
a day backwards is the day of the month 
from the 1ſt of January to the 28th day of 
February incluſive. The intercalary, or 
29th day, is three-fourths of a day to the 
left hand from the firſt of March; and the 
firſt of March itſelf is one quarter. of a day 
forward, from the diviſion marked 1 ; and fo 
for every day in the remaining part of the leap 
year; againſt each of which is found the ſun's 


| place. 
In this manner the intercalary day is very 


well introduced every fourth year into the 
kalendar, and the ſun's place very nearly 
obtained according to the Julian reckoning. 
Thus: 


A. D. | Sun's pace n 25. | 
1769. firſt year after biſſextile Tv , 6b 
1770, ſecond --- 8: 52 : 06. 
„ 4%: 55/ 
bt biſſextile - -- - - --= © : 3 350 


One 
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One uſe of the broad paper circle is to 
diſtinguiſh the points of the horizon ; in this 
caſe it repreſents the rational horizon of any 
particular place, which is an imaginary great 
circle in the ſphere of the heavens, dividing 
the viſible from the inviſible hemiſphere. 
This is ſuppoſed to be parallel to a leſſer 
circle, called the ſenſible horizon, whoſe 
plane may be conceived to touch the ſurface 
of the globe at that place upon which an 
obſerver ſtands, and to terminate his fight 
when he views the heavens round about. 
The extent of the ſenſible or viſible hori- 
Zon is greater or leſs, as we ſtand higher or 
lower. 

103. Another uſe we ſhall make of this. 
circle is to repreſent the circle of illumina- 
tion, or that circle which ſeparates day from. 
night. | 
A third uſe to which this circle may be 
applied, is to repreſent the plane of the eclip- 
tic. All of which ſhall be illuſtrated 1 in their 
proper places. f 

In all poſitions of the celeſtial globe, this 
broad paper circle is the plane of the hori- 
2on, and diſtinguiſhes the viſible from the 
inviſible part of the heavens. | i 
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Note, As this circle occaſionally repre- 
ſents various great circles of the ſphere, we 
have given it the name of broad paper circle, 
to prevent the reader from conſidering it as 
an horizon, when it really repreſents the 
plane of the earth's illuminated diſc, &c. 
The north-ſide of the wooden frame 
ought to be placed directly towards the north 
fide of the heavens, which is readily done 
by the mariner's compaſs under our new 


| 1/4 140 


The ſtrong baſk circle, or r meridian, 
CT Re nn” 


104. There are two notches in the broad 
wooden circle (art. 97.) upon the plane of 
which the broad paper circle is placed, which 
receive the ſtrong braſs circle: the body of 
the globe, being ſuſpended at two oppoſite 


points in this circle, turns round therein on 


its iron poles, one of which N repreſents the 
north, and the other 8 the ſouth pole. 
-- 105. One fide of this ſtrong braſs circle 
is graduated into four quadrants, each con- 
taining go degrees. The numbers on two 


of theſe quadrants increaſe from the equator 


towards. 
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towards the poles; the numbers on the 
other two increaſe from the poles fownnde 
the equator. | 
« The reaſon why two b of the 
« meridian are numbered from the equator, 
© and the other two from the poles, is be- 
*« cauſe the firſt of theſe two ſhews the 


<« diſtance of any point on the globe from 


* the equator or equinoctial, and the other 


© ſerves to elevate the globe to the latitude 


« of any place.” 
106. The ſtrong braſs circle of the celeſ- 


tial globe is called the meridian, becauſe the 


ſun's center is directly oppoſite thereto at 
noon. | 
10. On the wong braſs circle of our 
new terreſtrial globe, and about 23 de- 
grees on each ſide of the north pole, the 
days of each month are laid down accord- 
ing to the ſun's declination. If any day of 
the month is placed in the plane of the 
horizon, it will ſhew the ſun's declination 
for that day upon the other ſide of the braſs 
meridian; and this braſs circle is ſo con- 
trived, that the globe may be placed in the 
poſition of. a direct or right ſphere, (which 
is, when the north and ſouth poles are placed 
in 


— 


e Deb and U f iet 
it! the plane of the broad paper circle) and 
1 alſo that the ſouth pole may be elevated 
1 above the plane of the broad paper ſurface, 
1 with as much eaſe as the north pole. A 
"nn circumſtance which we thought not unwor- 
muy of our attention in the conſtruction of our 
14 new globes. 

7 .* 4:08. The graduated ſide of the ſtrong 
| braſs circle, encompaſſing our new terreſtrial 
globe, faces the weſt ; being moſt agreeable 

to the real diurnal motion of the earth, i | 
is from weft to caſt. | | 
10g. But that which ſurrounds the ce- 
leſtial globe, faces the eaſt, as the apparent 
diurnal motion of the heavens is from eaſt 
to weſt. | 
110. In all inclinations of 2 8 
the north pole ſhould be directly towards the 
vorth point of the heavene, which the mari- 
ner's compaſs at M, placed under each of 
the globes, will enable us to do with the 
greateſt readineſs. 
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T he horary circle. 


111. We uſe no other circle to meaſure 
the hours and minutes of time, but the 
equator, 
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equator, upon the ſurface of either globe; 
it being not only the moſt natural, but 
the largeſt circle that can poſſibly be ap- 


plied for that purpoſe. This is done by 


a {cmi-circular wire /EF placed in the plane 


of the equator, carrying two indices, placed; 


one on each fide of the meridian, one of 
which: 1 is e to be 1 to 1 880 
out the time. 

As the firſt 3 in our new n 


pa es through London, it therefore becomes 


the XII o'clock hour circle; and this falls 
upon the interſection of the equator and 
ecliptic at the firſt point of Aries; the 
other XIIth hour circle paſſes through the 


oppoſite interſection at the 118 point of 


Libra. 
Remember, aki the globe ſhall be here- 
after rectified for London, or any other place, 


on the ſame meridian with it, that then the 


graduated ſide of the ſtrong braſs meridian 
is the horary index itſelf. 

It may happen, that the globe ſhall be ſo 
rectified, as that the two points of XII o'clock 


will fall in, or fo near, the eaſt and weſt 

points of the broad paper circle, that neither 

of the horary indices can be applied thereto; 
" 3 in 
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£ T > 


in this caſe bring the horary index as near as 
poſſible, and make an allowance of a few 
minutes. 
112. The hours and minutes are oniduaed 
below the degrees of the 1 88 on either | 
globe; and as 
113. The motion of the terreſtrial globe is 
from weſt to eaſt, the horary numbers increaſe 
according to the direction of that motion. 
114. The motion of the celeſtial globe 
being from eaſt to welt, the ry numbers 
increaſe 1 in that direction. | 


The chin 8 8 N HS. 


115. This turns upon the poles of the 
globe, and may be called a proper or a 
moveable meridian. It is graduated each 
way to yo degrees from the equator to either 
—_—_ | 
116. To this ſemi-circle on the new ce- 
Teftial globe, fig. 2 5. is fitted a ſmall thin 
braſs circle H, about half an inch diameter, 
which ſlides from pole to pole; when we 
"conſider the ſun's apparent diurnal motion, 
we call it an artificial ſun. | 
11. But to the thin ſemi-circle applied 
o the new terreſtrial globe, fig. 1. is fitted a 
OE. 3 
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mall thin circle H, about two inches dia- 
meter, that ſlides from pole to pole; which 
is divided into a few of the points of the 


mariner's compaſs, and is called a ed 
or viſible horizon. 


13 


T he braſs quadrant of altitude ZA 


118, Is a thin narrow flexible ſlip of bra, 
that will bend to the ſurface of the globe; ; it 
has a nut with a fiducial line upon it, which 
may be readily applied to the diviſions on the 
ſtrong braſs meridian of either globe; one 
of its edges is graduated into go -degrees, 
: and continued to 20 degrees below the hori- 
zon. Upon the terreſtrial globe, its ule i is to 
ſnew the diſtance of places; and when ap- 
plied to the celeſtial globe, it ſhews the 


| diſtance between two ſtars. If fixed to the 


zenith or pole of the horizon, it ſhews = 
altitude of any point upon the globe, i 1 
graduations being numbered upwards Ba 
the horizon to go degrees, and downwards 
to 20 degrees for the depreſſion of any ce- 
leſtial object. It will repreſent any vertical 
circle paſſing through the pole of the hori- 
- Zon, in its motion round the zenith point, as 
well as the prime vertical, which paſſes 
| through 
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through the eaſt and welt points of the 
horizon. Upon both globes it occaſionally 


| ſhews the diſtance of every ſecondary to the 
horizon; and has other 5 which will be 


hereafter ſhewn. 
119. Note, when de ſpeak of we 
any point or place to the ſtrong braſs meridian, 
we mean that it ſhould be brought to its gra- 


 duated fide, which is properly the meridian. 


* Alſo, when we ſpeak of bringing the move- 
able meridian, quadrant of altitude, or any 
other thin 3 circle, to any point or place; 
we mean that their graduated edges ſhould be 
trought to that point, or Pee. 


| Of the ſeveral circles a upon 


the ſurface of each globe. 


120, We may imagine as many as we 


pleaſe upon the ſurface of the earth, and 


conceive them to be extended to the ſphere 
of the heavens, marking thereon concentric 


_ circles, 


121. The planes of all great circles paſs 


through the center, and divide the globe into 


two equal hemiſpheres: a ſmall circle di- 


vides the Jurtace of a globe into two n 
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parts ; all circles are ſuppoſed to be divid:d | 


into 360 degrees. 

We ſhall begin with the deſcription of the 
equator, this being the moſt eminent _— 
circle on _ 92 5 


The equator or c 1 Q | 


122. Is 90 degrees diſtant from the 
two poles of the globe; and is fo called, 
becauſe when the ſun appears to pals verti- 
cally over this circle, the days and nights 
are of an equal length to all * inhabitants 
of the earth. 


123. The plane of the * paſſes 


through the middle of the globe at right 
angles to the polar axis. 

On our new globes it is graduated into 
360 degrees ; upon the terreſtrial globe, the 


numbers increaſe from the meridian of Lon- 


don weſtward, and proceed quite round to 
360. 
124. They are alſo numbered from the 
ſame meridian eaſtward by an upper row- 
of figures, for the caſe of thoſe who uſe the 


Engliſh tables of the latitude and longitude 


of places. 
| 125. On 


* 
1 
1 
5 
| 
#4 


| 64. ; Deſeription and Uſe of the 


125. On our new celeſtial globes the 
equatorial degrees are numbered from the 
firſt- point of Aries eaſtward, to 360 de- 
grees. | . 
126. Cloſe under the TRE Da on either 


globe, is graduated a circle of hours and 


minutes. 
127. On the celeſtial te; the Lours in- 


creaſe eaſtward from Aries to XII at Libra, 


where they begin again in the ſame direction, 


and proceed to XII at Aries. 
128. But the horary numbers under the 
equator of the terreſtrial globe, increaſe by 


twice twelve hours weſtward, from the 
meridian of London, to the fame again. 


129. In every poſition of the globe, ex- 


ciept that of a parallel ſphere, the plane of 
the equator cuts the eaſtern and weſtern - 


points of the broad paper circle, when con- 


ſidered either as an horizon, the ecliptic, or 


circle of illumination. 
And as the globe is turned about, it al- 


ways keeps to one point of the ſtrong braſs 


circle, in which, as hath been obſerved, the 
degrees are numbered both ways from the 


equator, that the diſtance of latitude north 


or ſouth of any point on the ſurface of 
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the globe may be more WAY. e 
Whence ariſes the following 


PROBLEM IL. 
70 find the latitude of a plave. 


x 30. Bring the 8 to the graduated ade 
of the ſtrong braſs meridian ; the degree it 
then cots ſhews its. diſtances from the equa- 
tor, which on the terreſtrial 2 1s. e 
latitude. 3 
Thus . bath. 51 deg. 1 8 min. of 
north latitude ; Conſtantinople, 41 deg. of 
north latitude ;. Quebec, in Canada, 46 deg. 
55 min. of north latitude ;. and the Cape of 
| Good _—_ 34 deg. ſouth latitude. ? 


PROBLEM UI. 


To find all thoſe places which bre 
the ſame latitude with any given 
place. 


„ 


1 Suppoſe the given DO Londbii' * 
turn the globe round, and all thoſe places 
which paſs under the ſame point of the ſtrong 
| braſs meridian, are in the fame latitude. | 


tif F | ; PROB- 


8 Deere and Ut 4 he” 
PROBLE M * 

To find the: difference of latitude 

between any two places. 


132. Suppoſe London and Rome, find 
the latitude: of each place by prob. ii. art. 
130. Their difference is the anſwer. 


P R OB L E X V. 
To oO find the declination of the fun. 


13 3. Firſt, On cher globe * the ſan's 
declination, find his place in the ecliptic by 
prob. i. art. 98, &c. Then bring that point 
of the ecliptic line upon the globe under the 
ſtrong braſs meridian, and the degree which 
it cuts is the ſun's declination for that day. 
Or, 
Upon the terreſtrial 1 that parallel 
which paſſes through the point of the eclip- 
tic anſwering to the day of the month, 
will ſhew the ſun's declination, counting 
the number of parallels from the equator, 


Alſo, | 
| On 
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On the celeſtial globe, ſeek the day of the 
month cloſe under the ecliptic line itſelf, 
againſt which is the ſun's place; bring that 
| point under the ſtrong braſs meridian, and 
the degree that ſtands over it is the ſun's de- 
clination for that day. Thus on the 23d of 
May the ſun's declination will be about 20 
deg. 10 min. and upon the 2 3d of Auguſt it 
will be 11 deg. 13 min. : 


For the declination of any ſtar. 


134. Senate Bring the Rar tothe 7 | 
| braſs meridian on the celeſtial globe, and the 
degree it ſtands under is its diſtance from 
the equator, and this diſtance is called the 
| ſtar's declination, - which may be either north 
or ſouth, according to the fide of the equator 


- on which the ſtar is ſituated. 


Thus the declination of the ſtar Arcturus, 
marked « in the conſtellation Bootes, has 
about 20 deg. zo min. north declination ; 


and that of Sirius in Canis Major, or the 


 Dog-ſtar, marked a, has about 16 deg. 30 
min. ſouth declination, 
- 135. Hence we fee, that the latitude of 
places on the earth, and the declination of 
F 2 the 
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the ſun ahd ſtars, &c. in the heavens, have 
but one idea, the meaning of which is no 
more than their diſtance (either of places on 
the terreſtrial, or of the luminaries in the 


_ celeſtial ſpheres) from the equator. - 


The latitude of a fixed ſtar always con- 
tinues the ſame; but that of the ſun, moon, 
and planets, varies. 

136. Thoſe ſtars, whoſe. Geclinations are 


| equal to the latitude of any place upon the 


earth, are called correſpondents to that place; 


and paſs once in every 24 hours vertically to 


the inhabitants of ſuch latitude! that is, thoſe 
ſtars appear in their zenith, or ate directly 
over their heads. Hence the e 


PROBLEM VI. 


To find what ſtars paſs over or nearly | 


over the zenith of any place. 
137. Find the latitude of the place by 
prob. ii. art. f 30. upon the terreſtrial globe, 


which is the diſtance of that place from the 
equator ; then turning the celeſtial globe, 


all theſe ſtars which paſs under the ſtrong 


braſs meridian at the fame diſtance from the 


equator, will paſs directly over the heads 
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of thaſe inhabitants, and therefore become 
_ celeſtial correſpondents to all thoſe who live 
under the ſame parallel of latitude. - 

Thus the ſtar marked y of the ſecond 
magnitude 1 in the head of the dragon is 51 
_ deg. 32 min. diſtant from the celeſtial equa- 

tor, ſo alſo is London at the fame diſtance 

from the terreſtrial equator :: therefore the 
declination of this ſtar is equal to the latitude 
of London, and conſequently i it . our 
celeſtial correſpondent. 
The ſtar marked + of the ſecond magni- 
tude in Perſeus's ſide called Algenib, paſſes 
over the zenith of thoſe inhabitants in France 
who live 14 min. of one degree ſouth of 
Paris; it alſo paſſes nearly over the zenith 
of St. George's Bay in Newfoundland. 


Celeſtial and terreſtrial meridians . 


Wn 38. Are great circles drawn upon the 
globes from one pole to the other, and 
croſſing the equator at right angles. Upon 
our new terreſtrial globe there are twenty- 
four of theſe meridians, which are alſo kaur- 
circles, being I 5 degrees from each other. 
Thus 1 5 degrees on the equator is equal to 
5 3 one 


— — i 
N JJ ͤ r hope to. 
p TA 2th I ITAL re Ay 5 MES. os 3 UV. ge We, 1p 5 Th l << AL — 

_ N » — „ T » 4 LN. aa HA 


r CR EE ON ES ate 2 4 n NA s Ao ASS SK 
n page} 2 2 2 . 5 N 2 — — 1 — 2 — 
UE 0 k os 8 
ts 5 * 


85 LE. 
ry „ wi 
NP BT 


— 1 -—— 
0 * 0; 


A 
— —— 
% 1 — W . 


2 
oy - - * 


1 hs 


rr 


©" 
SS 7 
TFT. 
8 

1 

N | 

4 

1 
1 
13 F . 
fo 4 „ 
= 2 
= cs 

£ p | 
= : 
L 2 F 
= ® 

18 N 


5% Deſeriptim and Uſe of the 


one hour, and each ſingle degree equal to 


four minutes of time. Only four meridians, 
which are alſo called colures, are drawn upon 
the ſurface of the celeſtial globe. 
139. There are no places on the ſurface 
of the earth, or ſpaces in the apparent ſphere 


of the heavens, through which meridians 


may not be conceived to paſs; conſequently 


all points on the terreſtrial or celeſtial ſpheres 


have their meridians. So that they only 


| (properly ſpeaking) live under the ſame me- 


ridian, that are under the fame ſemi-circle, 


on the {ame fide of the poles. : [1 


This variety of meridians on the globes is 
pole by the thin brats ſemi- circle, which 
being moveable about the poles, may be ſet 
to every individual point of the equator. 
Whence we call it a moveable meridian, 
art. 11 5. 

140. All thoſe halves of great Ga ime 
are drawn from pole to pole, are the meridi- 
ans of thoſe places through which they paſs ; 
and being perpendicular to the plane of the 


equator, are called ſecondaries thereto. 


141. One of theſe meridians on our new 
terreſtrial globe paſſes through London, and 
is called a firſt meridian ; ; becauſe from that 

: point 
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| point which is marked Y, where it croſſes 
the equator, the degrees of longitude, as well 
as the hours and minutes of time, begin. 
The oppoſite meridian to this croſſes the 
great Pacific Ocean, and paſſes through the 


| firſt point of Libra, marked = upon the 


globe. 

This meridian is graduated from pole to 
pole, and its numbers increaſe from the 
equator each way to the pole. One parti- 
cular uſe to which it may be applied, and 
for which it was at firſt deſigned, is to ſolve 
ſome of the caſes in ſpherical trigonometry 
with eaſe and propriety, as will be ſeen 


| hereafter. 


Some geographers make their firſt coin 
paſs through the iſle of Fer, or Ferro. 


PROBLEM VII. 


To find the longitude of a place. 


142. The longitude of any place is that. 
point or degree upon the equator, which is 
croſſed by the meridian of that place, reckoned 
from a firſt meridian. 

Bring the moveable meridian to the place, 
and that degree on the equator which it cuts, 
F414 I 
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72 Deſeription and Uſe of the *© 
is its longitude from London, in degrees, 
and minutes; or that hour and minute is Its ] 


longitude expreſſed in time. 

Or if we bring the place to the Has 
braſs meridian, that will cut the equator in 
the longitude as before. 

Thus Boſton in New-England is about 


1 


70; degrees weſt of London; Cape Cc- 


morin in the Eaſt-Indies 2820 weſt of 
London ; or the longitude of the firſt place 


_ expreſſed in time is 4h. 42 min. of on ſe- 


cond 18 h. 48 min. F 
143. The method of reckoning hdd | 


always weſtward from the firſt meridian is 


moſt natural, becauſe it is agreeable o the 
real motion of the earth; 
But the common method is to reckon it 


half round the globe eaſtward, and the other 


half weſtward from the firſt meridian N end- 


ing either way at 180 degrees. 


Thus Cape Comorin i is 78 E caſt of 
London. 
Note, the numbers neareſt the equator 


increaſe weſtward from the meridian of 


London quite round the globe to 360, 


cover which another ſet of numbers is en- 
{ graved, which increaſe the contrary way, by 


which 


Cehftral and Terreſtrial Globts. 73 
which means the longitude may be reckoned 
upon the equator either eaſt or welt. 

144. It is mid-day or noon to all Places 
in the ſame meridian at the ſame time. 

Thus London, Oran, Cape Coaſt-caſtle 
in the Mediterranean, and Mundfort on the 
Gold-coaſt,, have their noon nearly at the 
fame time; Boſton in New-England about 
4 h. 42 min. later; and Cape Comerin 
18h, 48 min. later. 

145. The difference of longitude of any 
two places, is the quantity of an angle at the 
pole made by the meridians of thoſe places; 
which angle is meaſured upon the equator. 


To expreſs this angle upon 5 
globe, 


146. Bring the moveable meridian to one 
of the places, and the other place under the 
ſtrong braſs circle, they then contain the 
required angle; the meaſure or quantity of 
which is the number of degrees counted 
on the equator between theſe two braſs 
meridians. | 


PROBLEM, 


* l 
o 7 > 4 * 
y 7 * Wee 5 * 
, _— oe ” os . A 1 
7 n — . 9 Pe N Fe N 2 ho PACE 2 1 
4 * * . £ 2 * n r * 
5 : n 2 * - 
. tg J 8 — 
Pr 3 e . Ar- T. 
vi." 4 — 2 Denn 18 - by 
— TEIR © 8 — i 
we, N ee 2 — rs 2 DN _ 3 1 


e 


| Dyſon nd Up of the 


PROBLEM. IW. 
To find what places have mid-day, 


or the ſun, upon their meridian, 
at any given hour of the day in 


any place propoſed. ok 
147. Firſt, Let the hour propoſed be x 


_ oclock in the morning at London. 


As the real diurnal motion of the n 


here repreſented by the terreſtrial globe, is 


from weſt to caſt, 

All places to the eaſtward of any parti- 
cular meridian muſt neceſſarily paſs by the 
ſun, before the meridian of any other place 
to the weſtward of that' particular meridian 
can arrive at it. | 

148. And therefore as the firſt meridian 
on our new terreſtrial globe paſſes through 
London, if the propoſed place be London, 
as in this caſe, bring the given hour, which 
is placed on our globes, to the eaſt of Lon- 


don if it be in the morning, but to the weſt _ 


of London if it be in the afternoon, to the 
graduated fide of the ſtrong braſs meridian ; 
and all thoſe places which Jie directly under 

” „„ 
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it, have noon, or the ſun, upon their meri- 
dian, when it is X o'clock at London. 

Thus having brought the Xth hour on 
the equator to the eaſtward of London un- 
der the divided fide of the ſtrong braſs 
meridian, it will be found to paſs over the 
eaſtern ſide of Lapland, and the eaſtern ex- 
tremity of the gulf of Finland, Peterſburgh 
in Ruſſia, to croſs a part of Moldavia and 
the Black Sea, thence it paſſes over a part of 
Turkey, and goes between the iſlands of 
Candia and Cyprus in the Mediterranean, 
thence over the middle of Egypt through 
the eaſtern ſide of Africa, and acroſs the bay 
of Lorenzo; all which places have the ſun. 
on their meridian when it is X oclock in 
the morning at London. | 

149. Secondly, Let the hour propoſed be 
IV o'clock in the afternoon at ACTIN 
in Jamaica. | 

Bring Port-Royal in Jamaica to the ſtrong 
braſs meridian, and ſet the horary index to 
that XII which is moſt elevated - then turn 
the globe from weſt to eaſt, until the horary 
index points. to IV o'clock, and the ſtrong 
braſs meridian will paſs over the weſtern 


tide of the ifle Paſares in the Pacific Ocean, 
and 
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and the eaſtern ſide of the iſle La Meſa; 
thence it crofles the equator, and paſſes 
nearly over the iſlands Mendoca and Domi- 
nica; which places have the ſun on their 
meridian when it is IV o'clock in the after- 

' noon at Port-Royal in Jamaica. 

=, Thirdly, Let the propoſed hour be 
30 min. paſt V o'clock in the morning at 

Cape Paſaro in the iſland of Sicily. 

Bring Cape Paſaro to the ſtrong braſs me- 
ridian, ſet the horary index to that XII 
which is moſt elevated, and turn the globe 
weſtward, becauſe the propoſed time is in 
the morning, till the horary index points to 
5h. 30 min. and you'll find the ſtrong braſs 
meridian to paſs over the middle of Siberia, 
Chineſe Tartary, the kingdom of China, 
Canton in China, the middle of the iſland of 

Borneo, &c. at all which places it is noon, 
(they having the ſun upon their meridian at 

the ſame time) when it is half an hour paſt 
V oclock in the morning at Cape Paſaro in 
Sicily, 
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PROBLEM IX. 
To find what hour it is at any place 
propoſed when it 18 noon at any 
en place. 


151. Bring the e place under the 
Wosz braſs meridian, and ſet the horary in- 
dex to XII; then turning the globe, bring 
the given place to the meridian, and the hour 
required will be ſhewn by the horary index 
upon the equator. If the propoſed place be 
to the eaſtward of the given place, the an- 
ſwer will be, afternoon , but if to the weſt- 
ward of it, the anſwer is, before noon. _ 

Thus when it is noon at London, it is 49 
minutes paſt XII at Rome, and 32 minutes 
paſt VII in the evening at Canton in China, 
and alſo 15 minutes paſt VII o'clock in the 
morning at Quebec in Canada, and this at 
one and the fame inſtant of time, 


PROBLEM 


Deſtription and Uſe / PY 


PROBLEM For 


At any given time of the day i in \ the 
place where you are, to find the 
hour at any other place propoſed. 


152. Bring the propoſed place under the 
ſtrong braſs meridian, and ſet the horary in- 


dex to the given time; then turn the globe 


till the place where you are is under the 
braſs meridian, and the horary index will 


point to the hour and minute required. 


Thus, ſuppoſe we are at London at IX 
0 clock in the morning, what time of the 
day is it then at Canton in China? Anſwer, 
31 minutes paſt IV in the afternoon. 


Alſo, when it is IX in the evening at 


London, it is about 15 minutes paſt IV 
o clock in the een at Quebec in Ca- 


| nada. 


PROBLEM 
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P ROBLE M XI. 
The latitude and longitude of any 
place being known, to find that 
place upon the globe; or if it be 
not inſerted, to find its place, and 
fix the center of the artificial ho- 
| rizon thereon, - - 


I 83. The latitude of Smyrna i in Aſia is 
38 deg. 28 min. north, its longitude 27 deg. ; 
30 min. eaſt of London. 3 

Bring 27 deg. 30 min. on the equator 
counted eaſtward of our firſt meridian to 
the ſtrong braſs circle, and under 38 deg. 28 
min. on the north fide of the _ Jn 
. will find Smyrna. | 
The latitude of Cape Lorenzo in Peru is 
! deg. 2 min. ſouth, and longitude So deg. 
17 min. weſt of London : this place is not 

inſerted upon the globe. Therefore bring 
the graduated edge of the moveable meridian 
to 80 deg. 17 min. counted weſtward on the 
equator, and ſlide the diameter of the ar- 
tificial horizon to i deg. 2 min. ſouth ; 
and its center will be correctly placed on 
1 that 


* 


” ads 


8 Deſcription and Uſe of the 

that point of the globe, where the Cape of 

Lorenzo ought to have been placed. 
The four laſt problems depend entirely on 

the knowledge of the longitude and differ- 

ence of longitude of places. 


The ecliptic E ' 


154. Is that graduated circle which croſſes 
the equator in an angle of about 234 degrees 
and this angle is called the obliquity of the 
ecliptic. | 


This circle is divided into 12 equal parts, 
each of which contains 30 degrees; the be- 


ginning of each 12th part is marked with 


the uſual characters, WARY with their names 
are as s 2 | 

1 ns 33 E541, 
Aries, Taurus, Gemini, Cancer, Leo, Vii go, Libra, 


FI N Ir A * "i 


* 


Eo, HO jay 11 


Scorpio, Sagittarius, Capricornus, Aquarius, Piſces. 


„ 


By theſe the twelve ſigns are repreſented 


. upon the terreſtrial globe. Upon our ce- 


leſtial globe, juſt under the ecliptic, the 
months, and days of each month, are gra- 
; duated, 


Cele 10 and 7. Terreftria Glebes, 81 


duated, for the ready fixing the artificial ſun 
upon its place in the ecliptic. _ 

The ſun's apparent place is always in this 
circle ; he advances therein every day about 
59min. 8 ſec. of one degree, and ſeems: to 
paſs through it in a tropical year. 

155. Thoſe two points, where the eolip< 
tic paſſes the equator, are called equinoctial 


points, and are marked with theſe characters 


Y and = at the beginning of Aries and 
Libra. | 5 

The firſt of theſe is called the vernal, the 
ſecond the autumnal equinox: 

156. The firſt degree of Cancer and Capri- 
corn is marked with the characters & and 


, which two points are called the ſolſtices; 


— 


the firſt is the ſummer ſolſtice, the ſecond 
that of the winter, to all inhabitants upon 
the north ſide of the equator; but directly 
contrary to thoſe on the ſouth ſide of it. 

Although the ecliptic does not properly 
belong to the earth, yet we have placed it 
upon our terreſtrial globe according to an- 
cient cuſtom ; it being uſeful in ſome parti- 
cular cafes ; it is chiefly to be regarded upon 
the celeſtial obe. 
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157. The longitude of the ſtars and 1. : 
nets is reckoned upon the ecliptic ; the num 
bers beginning at the firſt point of Aries , 
where the ecliptic croſſes the equator, and 
increaſing according to the order of the 
ſigns. 

158. The latitude of the ſtars and planets 
is determined by their diſtance from the 
ecliptic upon a ſecondary or great circle paſſ- 
ing through its poles, and FRO it at right 
angles. | 

159. Twenty-four of theſe circular lines, 
which croſs the ecliptic at right angles, being 
fifteen degrees from each other, are drawn 
upon the ſurface of our celeſtial globe; which 
being produced both ways, thoſe on one fide 
meet in a point on the northern polar circle, 
and thoſe on the other meet in a point on 
the ſouthern polar circle. 

160. The points determined by the meet- 
ing of theſe circles are called the poles of the 
ecliptic, one north, the other ſouth. 

161. The longitude of the ſtars hath been 
obſerved to increaſe about a degree in 72 
years, which is called the preceflion of the 
equinox. 


The 
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The celeſtial ſigns and conſtellations 


162. On the ſurface of the celeſtial globe 
are repreſented by a variety of human and 
other figures, to which the ſtars that are 
either i in or near them, are referred. 

The ſeveral ſyſtems of ſtars, which are 
applied to thoſe images, are called conſtel> 


lations. Twelve of theſe are repreſented on 


the ecliptic circle, and extend both north- 


ward and ſouthward from it. So many of 


thoſe ſtars as fall within the limits of 8 de- 
grees on both ſides of the ecliptic circle, 
together with ſuch parts of their images as 


are contained within the aforeſaid bounds, - 


conſtitute a kind of broad hoop, belt, or 
girdle, which is called the zodiac. 

The names and the reſpective characters 
of the twelve ſigns of the ecliptic may be 
learned by inſpection on the ſurface of the 
broad paper circle; and the e 
from the globe itſelf. 

163. The zodiac is a by cight 
circles parallel to the ecliptic, on each fide 
thereof; theſe circles are one degree diſtant 
G2 from 
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an 2 other, ſo chat the whole breadth 
of the zodiac is 16 degrees. 

164. Amongſt theſe parallels, the latitude 
of the planets is reckoned; and in their ap- 
parent motion they never exceed the limits 
of the zodiac. 

165. On each fide of the zodiac, as was 
obſerved, other conſtellations are diſtinguiſh- 
ed; - thoſe on the north fide are called nor- 
thern, and thoſe on the ſouth ide of it, 
ſouthern conſtellations. 

166. All the ſtars which compoſe theſe 
conſtellations, are ſuppoſed to increaſe their 
longitude continually ; upon which ſuppo- 


ſition, the whole ſtarry firmament has a flow 


motion from weſt to eaſt; inſomuch that 


the firſt ſtar in the conſtellation of Aries, 
which appeared in the vernal interſection of 
the equator and ecliptic in the time of Meton 


the Athenian, upwards of 1900 years ago, is 
is now removed about 30 degrees from =”, 

To repreſent this motion upon the celeſ- 
tial globe, elevate the north pole, fo that its 


axis may be perpendicular to the plane of 
the broad paper circle, and the equator will 


then be in the ſame plane ; let thele repre- 


fent the ecli ptic, and then the poles of the 


globe 


Celeftial and Terrefirial Globes. 8 


globe will alſo: repreſent thoſe of the eclip- 


tic: the ecliptic line upon the globe will at 
the ſame time repreſent the equator, inclined 
in an angle of 234 degrees to the broad paper 


circle, now called the eeliptic, and cutting 
it in two points, which are called the - 
noctial interſections. 

Now if you turn the globe lowly ond 
upon its axis from eaſt to weſt, while it is 


in this poſition, theſe points of interſection 
will move round the ſame way; and the in- 
clination of the circle, which in ſhewing this 


motion repreſents the equinoctial, will not 
be altered by ſuch a revolution of the inter- 


ſecting or equinoctial points. This motion 


is called the preceſſion of the equinoxes, be- 


cauſe it carries the equinoctial points back - 


wards amongſt the fixed ſtars. 


The poles of the world ſeem to deſeribe ; 
a circle from eaſt to weſt, round the poles. 


of the ecliptic, ariſing from the preceſſion 
of the equinox. This motion of the poles 
is eaſily repreſented by the above poſition 


6 the globe, in which, if the reader 


remembers, the broad paper circle repre- 
ſents the ecliptic, and the axis of the globe 
being perpendicular thereto repreſents the 

2's 3 axis 
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axis of the ecliptic; and the two points, 
* Where the circular lines meet, deſcribed: in 


* 
- — . * ol a . " 
6, S A 8 DA * » 9 
. ae 7 - 2 r N 2 e e 
u t 


_- , 
* r ee erer aura 3 Pager A np hy nn 
3 1 " A 5 = N 22 


art. 159, 160, will now repreſent the poles 
of the world, - whence as the globe is ſlowly 
turned from eaſt to weſt, theſe points will 
revolve the ſame way about the poles of the 


globe, which are here ſuppoſed to repreſent 


the poles of the ecliptic. The- axis of the - 
world may .revolve as above, although its 
Gtuation with reſpect to the ecliptic be not 
altered; for the points here ſuppoſed to re 
preſent the poles of the world, will always 
keep the ſame diſtance from the broad paper 
circle, which repreſents the a in this 15 
ſituation of the globe. # e . 
167. From the different mes W 
neſs in the ſtars, ſome appear to be greater 
than others, or nearer to us: on our celeſtial 
globe, they are br into FR dif- 
ferent min. 


General phœnomena arifing from the 
earth's diurnal motion. 3 


168. The daily rotation of the earth 3 


its axis is one of the moſt eſſential points 


Which 
0 e Rorassroxrn. 5 Sos of Nat. Phil. Vol. II. P- 750. 
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which a beginner ought to have in view; 
for every particular meridian thereon is fuc- 
ceflively turned towards every point in the 
heavens, and as it were deſcribes circles in 
the celeſtial ſpheres, perpendicular to the 
axis of the earth, and parallel to each other; 
by which means the fixed ſtars ſeem to have 
an apparent diurnal motion. 

169. Except thoſe two points in the FOR 
firmament, into which the earth's axis, ſup- 
poſed to be ſo far extended, would fall; theſe 
two points are called the celeſtial poles, 
which correſpond with our terreſtrial north 
and ſouth poles. 

170. We have fo contrived our new globes 
that the real diurnal motion of the earth 
and the apparent diurnal motion of the hea- 
vens, are repreſented by them, art. 85, 86, 


and thence all problems ſolved as readily in 
ſouth as in north latitudes, and in places on 


or near the equator : by which means we 
are enabled to ſhew, how the viciſſitude of 
days and nights, their various alterations in 
length, the duration of the twilight, &c. arg 
really made by the earth's daily motion, 
upon the principles of the ago or 
Copernican ſyſtem. | 
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68 Deſcription and Uſe of the 
In fig. 26. EN QS repreſent the ap- 
parent concave ſphere of the fixed ſtars, 
enqsz the globe of the earth, whoſe axis 
ns is ſuppoſed to be extended to NS, in 
the ſphere of the fixed ſtars ; all the ſtars 
ſeem to revolye 188 theſe two ſens: as 
poles, 
If the . of 15 1 e 2 
3s "conceived to be extended to the ſtarry 
firmament, it will point out the celeſtial N 
equator A = Q Y E. 

N repreſents the celeſtial, ad n the t ter= 
reſtrial north pole, S and s the ſouth _ * 


Parallels of latitude, a n tro- 
pics and Polar circles. 50 


171. Fig. 26. That circle which any Nar 
ſeems to deſcribe in twenty-four hours, is 
called its parallel : thus, ſuppoſe a right line 
drawn from C the center of the earth, 
through any point d of its ſurface, and ex- 
tended to D in the ſtarry firmament, by 
means of the earth's daily rotative motion, 
the extremity D of the line CD will de- 
ſcribe the celeſtial parallel Gx Dx G, cor- 
reſponding to the terreſtrial parallel g d, of 
the 


Celeftial ond Terrefirial Globes. 89 


the point d. If D C be ſuppoſed to be ex- 
tended to H, the oppoſite fide of the ſtarry 
firmament, it will deſcribe another F. 
equal to the former. N 

Thoſe circular lines u pon my n 
globes, which are deſcribed from the poles, 


on either ſide of the equator, are parallel to 


it, and are called parallels of latitude, but 
on the celeſtial globe they are * w 
of declination. 


There are four principal leſſer circles pa- 


rallel to the equator, which divide the globe 
into five unequal parts called zones; theſe. 
are the two "__ and the two polar 
circles. 


We have already Gat: aha th Aſtancn a 


of any parallel from the equator, meaſured 


in the arch of a great circle on the terreſtrial 
| ſphere, is its latitude; and on the celeſtial | 


ſphere, its declination, art. 135. 


172. If the ſun, moon, a fixed ſtar, or 


planet, is fituated in any parallel between 


the cquator Q fig. 26. and the north 
pole N, it is faid to have north declination ; 


but if towards the outs pole S, ſouth decli- 


nation, 


| Thus 
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3 | "Dijeription and Uſe of the 
Thus the two parallels G D, and HI, 
| Wy the fame declination ; becauſe they are 
equally diſtant from AQ the equator ; the 
firſt hath north, the laſt ſouth declina- 
Hence | we 'muſt obſerve, that a celeſtial 
parallel G XP, and its correſpondent g x d 
upon the earth, are two parallel circles, be- 
ing ſimilar elements of a cone, whoſe axis 
z that of the earth, and apex C, the center 
of the earth. Therefore the plane of a ter- | 
reſtrial parallel cannot be the ſame with its 
correſpondent celeſtial parallel; only the { 
plane of the celeſtial equator A = QT , t 
is the fame with that of the terreſtrial æ 2 q. 
becauſe theſe two planes are produced by b 
the fame radius CQ perpendicular to the p 
axis NS, on which the earth or the heavens {p 
are fuppoſed to turn, $ 
If by the earth's daily rotative motion, a ar 
ſtar D paſſes over the zenith d of any in- tai 
habitant of the earth, that ſtar is the celeſ- bo 
tial parallel, which correſponds to the ter- ot! 
reftrial parallel of the obſerver ; for the diſ- cl 
tance of the celeſtial parallel G D, contains the 
the fame number of degrees from A Q the eq: 


celeſtial equator, as that of the inhabitant's 
parallel 
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parallel g d does from æꝗ the enn | 


equator. 
Therefore the amends of the arch of any 


inbabitant's diſtance from the terreſtrial 
equator, which 1s called the latitude of the 


place, is ſimilar and equal in the number of 
degrees, to that fixed ſtar's declination, which 
pales over his zenith _ 

If the inhabitant changes his Hübe 
either north or ſouth, the different declina- 
tions of thoſe ſtars which paſs over his ze- 
vith, at the ſeveral places of his removal, will 
ſhew his advance towards or regreſs from 
the equator. 

Whence any place upon the earth may 


be repreſented by its correſponding zenith 


point, in the apparent concavity of the ſtarry 
ſphere ; as ſhall be hereafter ſhewn. = 
173. Upon our new terreſtrial globe, there 
are twenty-three parallels drawn at the diſ- 
tance of one degree from each other, on 
both ſides the equator ; which, with two 
other parallels at 234 degrees diſtance, in- 
clude the ecliptic circle ; theſe two are called 
the tropics. That on the north ſide of the 
equator is called the tropic of cancer ; and 


the 


7 
3 +4 
1 84 
£3 4. 
{ 1 } 
, 4 
4 IJ 
1 x4 
W 


* 2 ” 
"I dhe”. Gadget azo l Y 8 of abs CORES e A 
dan Sia ' FRI n N 2 W . as Sk 
* * 9 wy 7 ; ls Gas HO wide ' 


5 "49,4 ax > N 
S n L 
* Eh Y. 3 ——＋—Ü?? Ns co eter yt Ft 


3 + - of N 
* » 4 SA * — # 
"* he 37 hf «i 
R 
WOW 14 a # 
wt» "9946 499 


«ay a hc nes hp 

3 1 
e eee 
1 ˙ EIirng Car bay 


YI, —— 
— 


—— 


© 
— = —— — ow > 
„ ET I) . Ws 1 8 
— 3 2 Fw > pr ts 
N r 


CE ona TOO an 
c ee 
* 


er lb A 
c 


—— —— — — 
— In 
re N 
— Pon inal tne IT 1 4 p 
— DEC IE FIST TY ONIONS, TITEL OBE 
* 
- 


FFF 
rr 


— 0 

r 
IT n 
2 


places have the ſame latitude. 
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the other, which i is on the ſouth fide of le: 


the tropic of Capricorn. 

174. The ſpace between A two tro- 
pics, which contains about 47 degrees, was 
called by the ancients, the torrid zone. 

The two polar circles are now placed at 
the ſame diſtance from the poles, that the 
two tropics are from the equator, _ 

One of theſe is called the northern, hs 5 


other the ſouthern daher circle. 


Theſe include 2 3+ degrees on each fide 
of their reſpective poles, and conſequently 
contain 47 degrees, equal to the number of 
degrees included between the tropics. | /- 

175. The ſpace contained within the 
northern polar circle, was formerly called 
the north frigid zone; and that within 
the ſouthern polar Sale the path fri 80 


Zone. 2 


176. The 1 h 3 * 


circle, and its neareſt tropic, which contain 


about 43 degrees each, were called by the 


antients the two temperate zones. 


177. Whenever any parallel paſſes through 
two places on the terreſtrial globe, theſe 


Alſo | 


: Celeſtial and Terreſtrial Olde. 93 


Alſo all thoſe ſtars which are in the ſame 
parallel upon the celeſtial globe, have the 
ſame declination, 

And as the ecliptic is inclined to MS equa- 
tor in an angle of 23+ degrees, and is in- 


cluded between the tropics, every parallel 


in the torrid zone mult neceflarily croſs the 
ecliptic in two places; which two points 
ſhew the ſun's place, when he is vertical 
to the inhabitants of that parallel ; and the 
days of the month upon the broad paper 
circle anſwering to thoſe points of the eclip- 
tic, are the days on which the ſun paſſes di- 


rectly over their heads at noon, and are 


called their two midſummer days: whence 
the inhabitants of the torrid zone have two 
ſummers and two winters every year. 

Hence as the earth's progreſſive, or cather 
apparent annual motion, ſeems to be in the 


celeſtial ecliptic, the ſun's declination js there- 
by changed gradually every day. Therefore 


on our new terreſtrial globe, as mentioned 
in art. 173. we have drawn parallels through 
the whole ſpace of the torrid zone, and the 
two ſpaces within the polar circles, to give a 
general and clear idea of the ſun's apparent 


. paſſage from one tropic to the other. 
The 
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94 - Deſcription and Uſe of the | 


The colures 


178. Are circular lines drawn on the 
celeſtial globe from pole to pole, (as meri- 
dians are upon the terreſtrial globe) crofling 
the equator at right angles, and bein g ſe⸗ 
condaries WE Art 16. © | 
179. The two celeſtial meridians which 
paſs thro the firſt point of V and = making 
together one great circle, are repreſented by 


the circle B K = B, in fig. 26, and are 


called the equinoctial colure. The points 
marked Y and = are called the equinoxes, 


or equinoctial points. 


180. The two celeſtial meridians repre- 
ſented by the circle NASQN, paſſing 


through the ſolſtitial points (marked & and 


vs) of Cancer and Capricorn, are called che 
ſolſtitial colure. 

181. Theſe colures cut each other at 
right angles in the poles of the world, and 
divide the celeſtial equator, ecliptic, ' and 
zodiac into four equal parts, which points 
determine the four ſeaſons of the year. See 
art. 34 to 4, , and art. 187. 


The 


Celeſtial au Terreſtrial Gh. g 


| The equinoctial colure only paſſes through 
the poles of the world at n and s. But, 


The ſolſtitial colure paſſes through the 


poles of the world at n and. s, and alſo 


through the poles of the * at B _ K, 


A 

Whence it happens i in every daily rota- 
tion of the earth about its axis, that the 
ſolſtitial and equinoctial colures are twice 
blended with every meridian upon the ſur- 
face of the earth: conſequently, each pole 
of the ecliptic appears to paſs, once every 
day, over all the meridians of the terreſtrial 
ſphere. 

182. All thoſe 3 lines that are, or 
may be ſappoſed, drawn on the celeſtial 
globe, which paſs through the poles, cutting 
the equator at right angles, are called circles 
of declination ; becauſe the declination of 
thoſe points or ſtars through which they 
paſs, or the diſtance of thoſe ſtars from the 
equator, is meaſured upon theſe circles ; and 
this is done by bringing the divided eigen 
the moveable meridian to any ſtar. 

Hence the thin braſs ſemi- circle, art. 11 5, 


which we call the moveable meridian, is . 


alſo a moveable circle of declination. 
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96 Deſeription and Uſe of the 


Ardic and antarctic circles, or cir- 
cles of perpetual ap parition and 
... occultation, 


x82. The largeſt NEAT of latitude on 
the terreſtrial globe, as well as the largeſt 
circle of declination on the: celeſtial, that 
appears entire above the horizon of any 
place in north latitude, was called by the 
ancients the arctic circle, or circle of perpetual 
| — 7 
Between that arctic circle 5 the notth 
| ale in the celeſtial ſphere, are contained 
all thoſe ſtars which never ſet at that place, 
and ſeem to us, by the rotative motion of 
the earth, to be perpetually carried round 
above our horizon in circles parallel to the 
equator. 

The largeſt daniel of latitude on the 
iel and the largeſt parallel of deeli- 
nation on the celeſtial globe, which is en- 
tirely hid below the horizon of any place, 
were by the antients called the antarctio 
circle, or circle of perpetual occultation, 

This circle includes all the ſtars which 
neyer riſe in that place to an inhabitant 
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of the ben hemiſphere, but are perpe- | 


tually below the horizon. 

All arctic circles touch their horizons i in 
the north point, and all antarQic circles 
touch their horizons in the ſouth point; 
which point, in the terreſtrial and celeſtial 
ſpheres, is the interſection of the meridian 
and horizon. "A | 

If the elevation of the pole be 4 5 3 


the moſt elevated part either of the arctio 


or. antarctic circle, will be in the zenith of 
the place. ? 


It the pole's elevation be leſs than 45 


degrees, the zenith point of thoſe places will 
fall without its arctic or antarctic circle. If 
greater, it will fall within, a 1 

Therefore the nearer any place is to the 
equatar, the leſſer will its arCtic and antarctic 
circles be; and on the contrary, the farther 
any place is from the equator, the greater 
they are. 80 that, f 


E 


At the poles, the equator may be con- 
ſidered as both an arctic and antarctic circle, 
becauſe its plane is coincident with that of 
the horizon. | 

But at the equator (chat is, im a right ſphere) 
there 1 is neither arctic nor antarctic circle. 
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98 Deſcription and Uſe of the 
They who live under the northern polar 
circle, have the tropic of Cancer for their 
arctic, and that of Capricorn _e their an- 
tarctic circle. | 
And they who live on either tropic, have 
one of the polar circles for their arQic, and 
the other for their antarctic circle. 887 
Hence, whether theſe circles fall within 
or without the tropics, their diſtance from 
the zenith of any place is ever equal to the 
difference between the pole's elevation, and 
that of the e above the borizon of 
that place. | 
From what has been ſaid, it is pla, 
there may be as many arctic and antarctic 
circles, as there are individual points upon 
any one meridian, between the north and 
ſouth poles of the earth. Tx 
184. Many authors have miſtaken theſe 
mutable circles, and have given their names 
to the immutable polar circles, which laſt 
are arctic and antarctic circles, in one Parti- 
cular caſe only, as has been ſhewn. 1 - 
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Celeftial and Terreſtrial Glebes. 99 


The cauſe of the daily change in 


the declination of the ſun 


18 5. Ariſes from the earth's annual mo- 
tion in the ecliptic\ the inclination of its axis, 
and its always moving parallel to itſelf. _ 

Imagine the plane of the earth's orbit 


extended as far as the fixed ſtars, it will 


there mark out the circle S, =, , Y, S, 
which we call the celeſtial ecliptic ; ſee 
G | 

From this compariſon of the earth's orbit 
with the celeſtial ecliptic, is derived the 
ancient rule to find the ſun's place, if we 
fiſt find the earth's place, either by obſer- 
vation or calculation ; fix ſigns added to or 
ſubſtracted from it gives the ſun's true place 
in the ecliptic: Conſequently it is the ſame 
thing, when we confider the daily motion 
of the earth about her equatorial axis, re- 
preſented by the terreſtrial globe, whether 
we ſuppoſe the earth, or the ſun, to have an 
annual motion. | 

It is alſo the ſame thing in the uſe of the 


celeftial globe, whether we ſuppole the 


earth to turn upon her equatorial axis, or 
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100 Deſeription and Uſe of the 
the ſtarry ſphere to revolve upon the ex- 
- tremities of the ſame axis extended to the 
heavens: the reſult in either caſe will be 
the ſame, provided we conceive ourſelves at 
the center of the globe. 

186. We ſhall therefore ſuppoſe the laws 8 
apparent annual motion to be in the plane 
of the celeſtial ecliptic, art. 34 to 41. and 
in his paſſage through it, deſcribing by a ray 
connecting the centers of the earth and ſun, 
a different circle of declination, parallel to 
the equator every day. Whereby all who 
inhabit any of thoſe places on the earth 
which are ſituated between the terreſtrial 
tropic of Cancer repreſented in fig. 26. by 
S, e, and the terreſtrial tropic of Capricorn 
repreſented by h, vs, have the ſun, at the 
time he is deſcribing their parallel, in their 
zenith; or directly vertical, or over their 
heads, which happens twice every year. | 

187. Whence the inhabitants of thoſe 
places, as well as mariners who paſs be- 
tween the tropics, have a correſpondmg 
zenith point, where their latitude is equal 
to the ſun's parallel of declination, from 
the ſun by day, and from the ſtars by 
night. 
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Celeſtial and Terrefirial Globes. 10 


It is eaſily conceived, that if the planes 
of the equator and ecliptic were united 
in one continued plane, a central ſolar 
ray, connecting the centers of the earth 
and ſun, would by the earth's diurnal 
motion deſcribe the equator every day; 
but, as we have before obſerved, the ſun 
does apparently deſcribe a different parallel 
every day: wherefore the ecliptic and equa- 
tor are inclined to each other in an angle 
confirmed by obſervation of about 23 deg. 
29 min. | 

Let the ſun's apparent annual motion be 
repreſented by the circle S, =, , S, fig. 26, 


which biſſects the celeſtial equator, Q 


EE, in the points = and /; the firſt of 
theſe is called the autumnal, the ſecond the 
vernal, equinoctial point, 

When the ſun is in he appears to 
deſcribe the equator, at which time he has 
no declination; and as he proceeds gra- 
dually from towards V8, his ſouthern 
declination continually increaſes, and he 
deſcribes leſs and leſs parallels, till he 
appears in vs. and deſcribes the tropic 
of Capricorn; being then at his greateſt 
ſouthern declination, viz. at his greateſt 
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102 Deſcription and Uſe of the 
diſtance from the equator ſoutherly, and 
alſo in the winter ſolſtice, 
In paſſing from s to Y, his declination 
decreaſes, and the parallels he deſcribes 
are greater and greater, until he comes to 
Aries, or the vernal equinox, and again 
has no declination, 1 the equator 
as beſore. 
As he advances from thence towards 
S, the declination increaſes, and the pa- 
rallels deſcribed are leſs and leſs, until he 
arrives at S, or the ſummer ſolſtice; being 
then at his greateſt northern declination, 
deſcribing the tropic of Cancer. 
Thence proceeding forward towards =, 
the declination continually decreafes, and 
the parallels deicribed increaſe till the ſun's 
arrival at the next ſucceeding autumnal 
Equinox ; where he again deſcribes the 
equator, having no declination ; and com- 
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| pleats the length of a mean ſolar tro- 
4 pical year, containing 365 d. 5 h. 49 min. 

is What we have ſaid with reſpect to ſum- 
7 mer and winter ſolſtices, is to be under- 
jo _ ſtood with relation to thoſe places which 
| | lie between the equator and the north pole; 
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but to the places between the equator and 
ſouth pole, the contrary happens, 

The two equinoxes are the ſame to all 
the inhabitants of the earth. 

We have been thus particular in our 


deſcription of the ſun's apparent annual 


motion, for the uſe of beginners; and we 
hope this conſideration will plead in our be- 
half, if we ſhould appear tedious or trifling 
to thoſe who are maſters of the ſubject. 
But what has been ſaid, might yet be 
more clearly illuſtrated by an orrery or a 
tellurian, which ſhews the annual and diur- 
nal motions of the earth, and paralleliſm of 
its axis, &c. and by the different poſitions 
of the earth's axis, with reſpect to her en- 
lightened diſc, will make it appear to the 
eye as it is really underſtood by aſtronomers ; 
and then we may with more propriety repair 
to the uſe of the globe itſelf, _ 


To ſupply the want of a tellurian 


188. Deſcribe a circle AB CD, fig. 8. 
with chalk upon the floor, as large as the 
room will admit of, that the globe may be 
moved round upon it: divide this circle 
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104 Deſcription and Uſe of the 
into twelve parts, and mark them with the 
characters of the twelve ſigns, as they are 
engraved in fig. 8. or upon the broad pa- 
per circle; placing © at the north, vs at 
the ſouth, Y in the eaft, and = in the 
welt : the mariner's compaſs under the 
globe will direct the ſituation of theſe points, 
if the variation of the "NINE needle on 
attended to. 

Note, at London the variation is be- 
tween 20 and 21 degrees from e north 
weſtward. | 

Elevate the north pole of the globe, fo 
that 66+ degrees on the ſtrong braſs meri- 
dian may coincide with the ſurface of the 
broad paper circle, and this circle will then 
repreſent the plane of the ecliptic, as men- 
tioned in art. 103. | 

Set a ſmall table or a ſtool over the center 
of the chalked circle to repreſent the ſun, 
and place the terreſtrial globe upon its cir- 
cumſerence over the point marked vs, with 
the north pole facing the imaginary ſun, 
and the north end of the needle pointing to 
the variation : this is the poſition of the 
earth with reſpect to the ſun at the time of 
the ſummer ſolſtice about the 21ſt of June: 
8 (2 and 


— 
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and the earth's axis, by this rectification of 


the globe, is inclined to the plane of the 
large chalked circle, as well as to the plane 
of the broad paper circle, in an angle of 231 
degrees; a line or ſtring paſſing from the 
center of the imaginary ſun to that of the 
globe, will repreſent a central ſolar ray con- 
necting the centers of the earth and ſun: this 
ray will fall upon the firſt point of Cancer, 
and deſcribe that circle, ſhewing it to be the 
ſun's place upon the terreſtrial ecliptic, which 
is the ſame as if the ſun's place, by extend- 
ing the ſtring, was referred to the oppoſite 
ſide of the chalked circle, here repreſenting 
the earth's path in the heavens, 

If we conceive a plane to paſs through 
che axis of the globe, it will alſo paſs through 
the ſun's center, and the points of Cancer 
and Capricorn in the terreſtrial and celeſtial 
ecliptic; the central ſolar ray in this poſi- 
tion of the earth is alſo in that plane; this 
can never happen but at the times of the 
ſolſtice. 


If another plane be conceived to paſs 


through the center of the globe at right 
angles to the central ſolar ray, it will divide 
the globe into two hemiſpheres ; that next 
, | the 
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the center of the chalked circle will repre- 
ſent the earth's. illuminated diſc, the con- 
trary ſide of the fame plane will at the ſame 
time ſhew the obſcure hemiſphere. 
The intelligent reader, for the uſe of his 
pupils, may realize this ſecond plane by cut- 
ting away a ſemicircle from a ſheet of card 
paſte-board, with a radius of about 14 tenth 
of an inch greater than that of the globe 
itſelf ; if this plane be applied to 664 de- 
grees upon the ſtrong braſs meridian, it will 
be in the pole of the ecliptic ; and in every 
fituation of the globe round the circum- 
ference of the chalked circle, it will afford 
a lively and laſting idea of the annual and 
diurnal motion of the earth, of the various 
phenomena ariſing from the paralleliſm of 
the earth's axis, and in particular the daily 
change of the ſun's declination, and the 
parallels thereby deſcribed. 
Let the globe be removed from W to =, 
and the needle pointing to the variation as 
before, will preſerve the paralleliſm of the 
earth's axis ; then it will be plain, that the 
ſtring or central ſolar ray will fall upon the 
firſt point of Leo, ſix ſigns diſtant from, but 


* to the ſign. , upon which the globe 
ſtands : 
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ſands : the central ſolar ray will now de- 
ſcribe the 2oth parallel of north declination, 
which will be about the 23d of July. 

If the globe be moved in this manner 


from point to point round the circumference 


of the chalked circle, and care be taken at 
every removal that the north end of the 


magnetic needle, when ſettled, points to 


the degree of the variation, the north pole 
of the globe will be obſerved to recede from 
the line connecting the centers of the earth 
and ſun, until the globe is placed upon 


the point Cancer: after which, it will at 


every removal tend more and more towards 


the ſaid line, till it comes to Capricorn 


again. 
PROBLEM XII. 


To reQfy either globe to the latitude 
and horizon of any place. 


189. If the place be in north latitude, 
raiſe the north pole; if in ſouth latitude, 
raiſe the ſouth pole, until the degrees of the 
given latitude, reckoned on the ſtrong braſs 
meridian under the elevated pole, cuts the 
plane of the broad paper circle ; then this 

circle 
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108 - Defcription and Uſe of the 
circle will repreſent the horizon of that 


place. Thus for London, elevate the north- 
pole till 519. 32“. on the ſtrong braſs me- 


ridian, cut - broad paper circle, and the 


globe is rectified. 


To ad for the ſun's place. 


5 190. After the former reQification, bring 


the degrees of the ſun's place in the ecliptic 


line upon the globe to the ſtrong braſs me- 


 ridian, and ſet the horary index to that 
XIIth hour upon the ee which is 


moſt elevated. 

191. Or, if the ſun's lacy is to 7 
retained, to anſwer various concluſions, 
bring the graduated edge of the move- 
able meridian to the degree of the ſun's 
place in the ecliptic, upon the celeſtial 
globe, and ſlide the wire which croſſes the 
center of the artificial ſun thereto: then 
bring its center, which i is the interſection of 


the aforeſaid wire, and graduated edge of 
the moveable meridian, under the ſtrong 


braſs meridian as before, and ſet the horary 


index to that XII on the equator which is 
moſt elevated. 


To 
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To rectiſy for the zenith of any 
place. 


192. After the firſt rectification, ſcrew the 


nut of the quadrant of altitude ſo many de- 


grees from the equator, reckoned on the 
ſtrong. braſs meridian towards the elevated 
pole, as that pole is raiſed above the plane 
of the broad paper circle, and that point 
will repreſent the zenith of the place. 


Note, the zenith and nadir are the poles | 


of the horizon, the former being a point 
directly over our heads, and the latter, one 
directly under our feet. 

193. If you are doubtful whether the 
proper point of the braſs meridian is cor- 
rectly cut, when ſet by the eye, apply a card 
cut in the ſhape of fig. 27. to the place, flat 

upon the broad paper TON, and it will be 

truly adjuſted.* 

If, when the globe! is in this Nate, we look 
on the oppoſite ſide, the plane of the ho- 
rizon will cut the ſtrong braſs meridian at 
the complement of the latitude, which is 
alſo the elevation of the equator above the 
horizon. 


PROBLEM 


See the advertiſement at the end of the preface. 
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PROBLEM XIII. 


T o find the moon's mean ms upon 
the celeſtial globe, her age and 
day of the month being known. 


194. The moon increaſes her longitude 


in the ecliptic every day about 13 deg. 10 min. 


by which means ſhe croſſes the meridian of 
any place about 50 minutes later than ſhe 
did the preceeding day 

Thus if her place be in the 12th tn 


of Taurus any day at- neon, it will be 25 
deg. 10 min. in Taurus on che ſucceeding 
DOON, : rob 


It is new moon when the ſun and moon 
have the ſame longitude, or are in or near 
the ſame point of the ecliptic. | 

When they have oppoſite longitudes, or 
are in oppoſite points of the ecliptic, it is 
full moon. Art. 56 to 64. ? 

To perform this problem tolerably n near 
the truth, without having recourſe to an 
ephemeris, which may not always be at 
hand, 

Find the day of the new moon next pre- 
ceeding the given day of the month in any 
| common 


_ Celeſtial and Terreſtrial Globes. nt 
common almanack, the number of days 


Elapſed is the moon's age. 
The equator on our new celeſtial | globe 


is divided by large dots into 297 equal parts, 


each of which is directed by a ſhort dotted 
line, to a number marked in Roman figures, 


expreſſing the ſeveral days ek the moon's age. 


The cites: 


I95. Elevate the north pole of the ce- 
leſtial globe to 90 degrees, and then the 
equator will be in the plane of, and coincide 


with the broad paper circle; bring the firſt 
point of Aries, marked Y on the globe, 


to the day of the new moon on the faid 
broad paper circle, which anſwers to the 
ſun's place for that day ; and the day of the 
moon's age will ſtand againſt the ſign and 
degree of the moon's mean place ; to which 
ſet the artificial moon upon the ecliptic on 
15 the globe. 


But if you are provided with an ephe- 
meris*, that will give the moon's latitude 


and place in the ecliptic ; farſt note her place 
in the ecliptic upon the globe, and then 
5 counting 


*The Nautical Almanack is the beſt Engliſh Ephe- 
meris extant, 
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counting ſo many degrees amongſt the pa- 
rallels in the zodiac, either above or below. 
the ecliptic, as her latitude is north or ſouth 
upon the given day, and that will be the 
point which repreſents the true place of the 
moon for that Ame, to which N the arti- 
ficial moon. 3 
196. Note, T he artificial.; moon is a ſmall 
thin piece of braſs in form of a creſcent, 
having two holes a and b, fig. 28. through 
which a ſmall ſtring of filk twiſt is put, that 
it may flip backwards or forwards upon it. 
- To one end c of this filk ſtring i is tied 
a ſmall piece of braſs de Cc with three 
holes, 1 
The manner of putting it upon {he globe 
is this: firſt put the creſcent a b, on the 
ſtring; and the piece of 'brafs, by paſſing 
the firing through the two holes d, e, the 
ſtring being as yet left free. The two ends 
of the ſtring being looſe, paſs the end F 
round the north pole of the globe, in Aa 
groove made for that purpoſe, and tie it 
into a looſe loop like F g, then put the other 
end of the ſtring Ge round the ſouth pole, 
and tie it faſt to the hole at c: then by pull- 
ing the piece dec upwards, the ſtring may 
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be tightened on any part of the globe, and 
puſhing it downwards will flacken it, that 
it may be removed to any other place, and 


then tightened again, 
PROBLEM XIV. 
To repreſent the apparent diurnal 
motion of the ſun, moon, and 
ſtars, on the celeſtial globe. 


197. Find the ſun's place in the ecliptic, 
by problem . art. 98. and to that point on 
the ecliptic line which is drawn upon the 
globe, ſet the center of the artificial ſun, Allo, 
Find the moon's place by problem xiii. 
art. 194. and ſet the center of the artificial 
moon upon it. 

Rectify the globe to the latitude, ſun's 
place, and zenith, by problem xii. art. 189, 
190, and 192. | | 

The globe being turned round its axis 
from eaſt to weſt, will repreſent the apparent 
motion of the ſun, moon, 24 ſtars, for 
that day. 

198. When the center of the artificial 


ſun is in the plane of the horizon on the 
I | eaſtern 
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eaſtern fide, the horary index ſhews upon 
the equator the time of ſun-rifing. 

199. All thoſe ſtars which are then in the 
plane of the horizon on the eaſtern fide, are 
at the ſame inſtant of time riſing with the 
ſun, and thoſe on the weſtern ide of the 
horizon, are then ſetting. 

Their diſtance from the true eaſt or weſt | 
points of the horizon, is called the ſun or 
ſtar's amplitude. - 

200. And when the center of the arti- 
ficial moon comes to the horizon on the 
eaſtern ſide, the horary index will point to 
the hour and minute of her riſing. 

And thoſe ſtars on the eaſtern edge of the 
horizon are then rifing with her, whilſt at 
the ſame time all the ſtars, cut by the weſt- 
ern edge, are ſetting, 

201. That degree and minute of the 
equator which is cut by the plane of the 
horizon, at the ſame time that the center of 
the artificial ſun, moon, or any ſtar, is alſo 
cut by the ſaid plane, is the very poirit of 
the equator, which riſes with e ither of them, 
and is called the ſun, moon, r ſtar's oblique 
aſcenſion, | 


202. As 
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202. As the ſun aſcends in the heavens 
till it culminates, or comes under the gra- 
duated ſide of the ſtrong braſs meridian, the 
horary index will ſucceſſively point to the 
hours before noon; but when it is under 
it, the horary index points at XII o'clock ; 
and that degree and minute on the equator, 
which is then cut by the braſs meridian, is 
called the ſun's right aſcenſion ; that is, its 
diſtance from the firſt point of Aries, reck- 
oned in degrees, minutes, &c. upon the 
equator. 

203. At the ſame time, that degree of 
the braſs meridian, which is directly over 
the artificial ſun, is his declination, art. 133. 
for that day. | 

The fame is to be obſerved of the moon 
or any ſtar, as they aſcend in the heavens, 
till they culminate or come under the meri- 
dian, the horary index conſtantly pointing 
to the hour of the day or night ; their 
right aſcenſion and declination are alſo 
ſhewn in the ſame manner as that of the 
ſun. 9 
204. While the ſun deſcends from the 
meridian weſtward, the horary index ſuc- 
ceſſively ſhews the hours after noon. 

"F'2 And 


_ 
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And when the center of the artificial ſun 
is in the plane of the horizon on the weſtern 
ſide, the horary index ſhews the time of ſun- 
ſetting ; and that point of the equator which 
is then cut by the plane of the horizon, 1s 
the point which ſets with the ſun, and is 
called his oblique deſcenſion. ; 

205. The number of degrees on the 
equator contained between the points of his 
oblique aſcenſion, and right aſcenſion, or 
between the points of his right aſcenſion 
and oblique 1 is called his aſcen- 
ſional difference. 

Obſerve the ſame with 3 to the 
moon or any ſtar: as they deſcend from the 
meridian weſtward, the horary index will 
ſucceſſively ſhew the time of their arrival at 
any given point, their ſetting, oblique de- 
ſcenſion and aſcenſional difference, in the 
ſame manner as before deſcribed in relation 
to the ſun. 

The riſing, culminating, ſetting, &c. of 
any planet may be obtained, if the place of 
the planet, its longitude and latitude being 
taken from an ephemeris, be aſcertained ; 
and an artificial planet ſet thereto, in the 
manner in which we have directed the arti- 
flicial 
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ficial moon to be placed upon the globe, 
art. 196. or this laſt may occaſionally repre- 
ſent a planet. 

Thus on the 18th day of June, A.D. 
1769 new ſtile, being the firſt year after 
biſſextile, the ſun's place will be 1, 27 deg. 
22 min. the moon's place , 18 deg. o min. 
her latitude north o deg. 30 min. The full 
moon about + of an hour paſt VIII o'clock 
in the morning ; to which places, if the ar- 
. tificial ſun and moon be ſet, a beginner 
may readily exerciſe himſelf in finding the 
proper anſwers agreeable to theſe. data, by 
the directions in this problem. 


Parallels of altitude, 


206. The globe remaining rectified as in 
the laſt problem, the uppermoſt point repre- 
ſents a point in the heavens directly over our 
heads, which is called the zenith: and as 
the braſs quadrant is moveable about its up- 
per end as a center, when that center is 
fixed to the latitude of the place upon the 
ſtrong braſs meridian, it will be in the zenith, 
and the beginning of its graduations will 
coincide with the plane of the broad paper 

1 Circle, 
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circle, which in theſe caſes repreſents the 
horizon of the place. 

If the quadrant be moved about he globe, 
its firſt diviſion will deſcribe the horizon. 
And, | 
At the ſame time, all its intermediate 
diviſions will deſcribe circles parallel to the 
horizon ; the point marked 10 deſcribes a 
parallel of 10 degrees, the point marked 20 
a parallel of 20 degrees, and fo of any other 
point. | 
207. Theſe circles dl to the horizon 
are called parallels of altitude, becauſe they 
ſhew the elevation of the ſun, moon, ſtars, 
or planets, above the plane of the horizon : 

And the diviſions on the quadrant itſelf 
in each caſe repreſent the diſtance of every 
ſecondary to the horizon. 


To find the ſun's altitude at any 
gion time of the day, - 


208. Set the center of the artificial ſun to 
his place in the ecliptic upon the globe; 4 
any rectify it to the latitude and zenith, by 
problem 
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problem xii. art. 189, &c. bring the center 
of the artificial ſun under the ſtrong brats 
meridian, and ſet the hour index to that XII 
which is moſt elevated ; turn the globe to 
the given hour, and move the graduated 
edge of the quadrant to the center of the 
artificial ſun; and that degree on the qua- 
drant which is cut by the ſun's center, is 
the ſun's height at that time. 

The artificial ſun being brought under 
the ſtrong braſs meridian, and the quadrant 
laid upon its center, will ſhew its meridian, 
or greateſt altitude, for that day. 

If the ſun be in the equator, his greateſt 
or meridian altitude is equal to the elevation 
of the equator, which is always equal to the 
co-latitude of the place, or the difference of 
the latitude from go degrees. 


Azimuth or vertical circles. 


209. An azimuth circle in aſtronomy, is 
the very fame as a circle of polition in geo- 
graphy ; they being ſecondaries to the hori- 
'Zon, or great circles paſſing through the 
zenith of any place, and crofling the horizon 
at right angles: either in the heavens, called 
azimuths ; or on the earth, circles of poſition. 
14 Any 
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Any azimuth circle may be repreſented 
by the quadrant of altitude, when the cen- 
ter upon which it turns, is ſcrewed to that 
point of the ſtrong braſs meridian, which 
anſwers to the latitude of the place, and the 
place brought into the zenith. 

Suppoſe at London, if you bring the 
divided edge of the quadrant to 10 degrees 
on the inner edge of the broad paper circle, 
it will repreſent an azimuth circle of 10 


degrees; if you ſet it to 20, it will repreſent 


an azimuth circle of 20 5 and fo of 
any other. 

If the quadrant of altitude be ſet to © 
degree, that is either upon the eaſt'or weſt 
points of the broad paper circle, it will then 


repreſent that ſecondary to the horizon, or 


azimuthal circle, which is — the prime 
vertical. 


PROBLEM XVI. 
To find the azimuth of the ſun, 


or any ſtar. 


210. Rectify the globe to the latitude 
and ſun's place, art. 1 89, 190; then turn it 
to > the given hour, and bring the divided 


edge 
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edge of the quadrant of altitude to the ſun's 
place in the ecliptic, or to the center of 
any ſtar, and it will croſs the W at the 
azimuth required. 

The diſtance of that point of the horizon, 
in which the ſun appears to riſe or ſet, 
counted from the prime vertical, art. 209, 


or eaſt and weſt points of the horizon, is 


called the ſun's amplitude. 


COROLLARY. 
To find the angle of poſition of 
ka =_-- 


211. The angle of poſition is that formed 
between the meridian of one of the places, 
and a great circle paſſing through the other 
place. - 

Rectify the globe to the latitude and 
zenith of one of the places, art. 189, 192. 
Bring that place to the ſtrong braſs meri- 
dian, . ſet the graduated edge of the quadrant 
to the other 'place, and the number of de- 
grees contained between it and the ſtrong 
braſs meridian, is the meaſure of the angle 
ſought, Thus, 

The 
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The angle of poſition between the meri- 
dian of Cape Clear in Ireland, and St. Au- 
guſtine in Florida, is about 82 degrees north 
weſterly ; but the angle of pofition between 
St. Auguſtine and Cape Clear, is only about 
46 degrees north eaſterly. | 

Hence it is plain that the line of poſition, 
or azimuth, is not the ſame from either place 
to the other, as the romb-lincs are. 


COROLLARY. 
To find the bearing of one place 


from another. 


212. The bearing of one fea-port from 
another is determined by a kind of ſpiral 
called a romb- line, paſſing from one to the 
other, ſo as to make equal angles with all 
the meridians it paſſeth by; therefore if 
both places are ſituated on the ſame parallel 
of latitude, their bearing is either eaſt or 
weſt from each other; if they are upon the 
ſame meridian, they bear north and ſouth 
from one another; if they lie upon a romb- 
line, their bearing is the ſame with it; if 
they do not, obſerve to which romb-line the 

two, 
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two places are neareſt parallel, and that will 
ſhew the bearing ſought. 

Thus the bearing of the Lizard Point 
from the iſland of Bermudas is nearly 
ENE; and that of Bermudas from the 
Lizard is WSW, both nearly upon the ſame 
romb, but in contrary directions. | 


A parallel ſphere 
213. Is that poſition of the globe, in which 


the poles are in the zenith and nadir, its axis 
at right angles. to the equator and horizon, 
which coincide ; and conſequently thoſe cir- 
cles which are parallel to the equator, are 
alſo parallel to the horizon. 

The inhabitants of this ſphere, if any there 
be, muſt live upon the two terreſtrial poles, 


and will have but one day and one night. 


throughout the year; and the moon, during 


half her monthly courſe, will never riſe, 


and during the other half will never ſet : all 
the fixed ſtars, viſible to thoſe people, will 
deſcribe circles eyery day parallel to their 
horizon, mo. 


A right 
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A right ſphere 


214. Is that in which the inhabitants ſee 
both poles in their horizon, the equator 
paſſing through their zenith and nadir, and 
all the circles parallel to the equinoCtial per- 
pendicular to their horizon. 

Thele people live upon the terreſtrial equa- ; 
tor, conſequently all the heavenly bodies will 
always riſe and ſet perpendicular to them; 
and their days and nights will be of an 5 
length en the year. 


An oblique ſphere 


215. Hath one of the poles of the globe 
above, the other under the horizon; the 
equator in all the caſes of this ſphere is half 
above, and half below the horizon, and all 
its parallel cireles cut the horizon obliquely. 

That arch of any parallel of declination 
in the celeſtial, or of latitude in the terreſ- 
. trial ſphere that is above the horizon, is called 
the diurnal arch. And 5 

The remaining part of it, which is below 
the horizon, is called the nocturnal arch. 

Theſe 
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Theſe arches, with reſpect to the ſun's 
apparent motion, determine the different 
length of days and nights. | 

The inhabitants of this ſphere are thoſe 
who live on all parts of the earth, except 
thoſe at the poles and upon the equator, 


Of the twilight. 


That light which we have from the ſun 
before it riſes and after it ſets, is called the 
twilight. 

216. The morning-twilight, or day-break, 
begins when the ſun becomes within 18 de- 
grees of the horizon, and continues till ſun- 
55: 
The evening twilight begins at the time 
of the ſun-ſetting, and continues till it is 18 
degrees below the horizon. ; 

For this purpoſe, on our new globes a wire 
circle is fixed eighteen degrees below the ſur- 
face of the broad paper circle; ſo that 

All thoſe places which are above the wire 
circle will have the twilight, but it will be 
dark to all places below it. 

At the time of winter ſolſtice, when the 
whole ſpace within the northern polar circle 
is 


126 © Deſcription and Uſe of the 
is out of the ſun's light, the greater part of 
it enjoys the benefit of twilight; there be- 
ing only about 57 degrees round the pole 
that will be totally dark. i 
Wie have here only conſidered the twi- 
light reflected to us from the earth's atmo- 
ſphere by the ſun himſelf; beſides which 
the body of the ſun is always encompaſſed 
with a ſphere of light, which being of a 
larger circumference than the fun, muſt 
riſe before him, and ſet after him ; which 
conſequently lengthens the twilight by illu- 
minating our air, when the ſun is depreſſed 
too low to reach it with his own light: 
this ſeems to be the cauſe, why the ſun is 
preceded by a luminous ſegment of a circle 
in the eaſt before his riſing, different from 
that light reflected by the atmoſphere from 
the body of the ſun; the like to which may 
be obſerved in the weſt after ſun- ſet. 
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To repreſent the earth's enlightened 
diſc by the terreſtrial globe. | 


217. We have already ſhewn how the 
earth's diurnal motion is repreſented by the 
motion of the terreſtrial globe about its axis 

from 
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from weſt to eaſt; and that the horary 
index will point upon the equator the 24 
hours of one diurnal rotation, or any part 
of that time. 

The broad paper circle, under this con- 
ſideration, will be now employed to repre 
ſent a plane ſuppoſed to paſs through the 
center of the earth, perpendicular to a cen- 
tral ſolar ray: or in other words, perpen- 
dicular to a line ſuppoſed to be drawn from 
the center of the ſun to that of the earth 
at all times of the year. 

In which caſe, the broad paper circle 
divides that half of the earth's ſurface, which 
is illuminated by the ſun's rays, from the 
other hemiſphere which is not enlightened. 

218. That the globe may appear to be ſo 
enlightened, conceive a ſun painted on the 
ceiling of the room in which you are, di- 
rectly over the terreſtrial globe, and of the 
ſame diameter; from whence imagine an 
infinite number of parallel rays falling per- 
pendicularly downwards upon the upper 
ſurface of the globe, which here repreſents 
the illuminated hemiſphere of the earth's 
enlightened diſc. 


n 


Pd 
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Whence it is plain, that the central folar 
ray is the only one which paſſes through 
the centers of the ſun and earth, as well 
as the only ray that can poſſibly be perpen- 
dicular to the earth's ſurface; all other 
ſolar parallel rays will fall more and more 


- 


oblique, as they are farther from the cen- 


tral ray, till their arrival at the edge of the 


enlightened diſc, here repreſented by the 


inner edge of the broad paper circle, where 
they will become parallel to the horizons 


of all places then under the ſaid edge of 


the diſc. 

In one diurnal revolution of the earth, 
the central ſolar ray deſcribes the parallel 
of the ſun's declination; or rather that pa- 
rallel, to the inhabitants of which the ſun 
that day will paſs directly vertical, or over 


their heads. 


From this application of the terreſtrial 
globe, we ſee the natural cauſe of the diffe- 
rent altitudes of the ſun at different times 
of the day, and at different ſeaſons af the 
year; which ariſe from the earth's daily 
rotative and progreſſive motion, &c. 

When we view the globe in this poſition, 
we at once ſee the ſituation of all places in 


_— 
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the illuminated hemiſphere, whoſe inhabi- 
tants enjoy the light of the day, while at 
the ſame time all thoſe places below the 
broad paper circle are deprived of the ſun's 
light, and have only twilight fo far as the 
wire circle, and all below that, have total 
darkneſs, when the moon does not ſhine on 
them. 

And by . the angles made by 
the meridians, drawn on the globe, cutting 
any parallel of latitude at the edge of the 
broad paper circle, with the ſtrong braſs 
meridian, we ſee the ſemi-diurnal arches 
continually decreaſe from the elevated pole, 
till they come to the oppoſite part of the 
earth s enlightened diſc, 


PROB L E M XVII. 

To rectify the terreſtrial globe, that 
the enlightened half of the earth's 
ſurface may be all above the broad 
paper. circle for any time of the 

year; the ſun bug TONY in 
the zenith. 


219. On the backſide of the ſtrong beak 
meridian, and on each ſide of the north pole, 
| K are 


1 30 Dgeriptim and Uſe of the 
are graduated, in two concentric ſpaces, the 
months and days of the year. 

Bring the day of the month to coincide 
with the broad paper circle, and the terreſ-= 
trial globe is rectified. 

When the globe is thus rectified, that 
degree and minute upon the graduated ſide 
of the braſs meridian, which is then cut 
by the plane of the broad paper circle, is 
the diſtance of the ſhade of extuberancy 
upon the earth's diſc, reckoned from the 
pole, and is equal to the ſun's declination 
for that day; and is therefore alſo equal to 
the latitude, counted from the equator, of 
all thoſe places to which the ſun is vertical ; 
and this point on the braſs meridian repre- 
ſents the central ſolar ray og * 
parallel of the day. 

If now the globe be turned from weſt 
to eaſt, all thoſe places which arrive at the 
weſtern edge of the broad paper circle, are 
paſſing out of the twilight into the ſan's 
light; and the ſun then an rifing to 
all the inhabitants. - 
At the fame time, if you look upon the 

| eaſtern edge of the broad paper circle, it 
will cut all thoſe Fs which are then 
png 
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- paſſing from the ſun's light into the twilight; 
whoſe inhabitants will ſee the ſun ſetting, 
and enjoy the twilight, until they arrive at 
the wire circle, which is placed 18 degrees 
below the illuminated diſc, at which time 
they enter into total darkneſs. 

The graduated ſide of the ſtrong braſs 
3 ſhews, at the ſame time, all thoſe 
places which have mid-day or noon. _ 

If the horary index be jet to XII, when 
any particular place is brought under the 
ſtrong braſs meridian, it will ſhew, as you 
turn the globe from weſt to caſt, the pre- 
ciſe time of fn. ſetting, &c. at that 
„ 

The horary day will al ſhaw how Joon 
| a place is moving from the weſt to the eaſt 
ſide of the illuminated diſc, here repreſented 
by the broad paper circle, and thence the 
length of the day and night; it will alſo 
point out the length of the twilight, by 
ſhewing the time in which the. place is 
paſling from the twilight circle to the edge 
of the diſc on the weſtern fide, or from the 
edge of the diſc to that circle cn the eaſtern 
fide ; and thereby determining the length of 
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We ſhall proceed to exemplify theſe parti- 
culars at the times of equinox and ſolſtice. 


PROBLEM XVIII. 


The time of equinox. 


220. The ſun has no declination at the 
times of equinox, conſequently there muſt 
be no elevation of the poles. 

Bring the day of the month on the back- 
ſide of the ſtrong braſs circle, in which the 
ſun enters the firſt point of Aries or Libra, 
into the plane of the broad paper circle, and 
then the two poles of the globe will be in 
that plane alſo; and all thoſe circles which 
are parallel to the equator will cut the plane 
of that broad circle at right angles, and the 
globe will then repreſent a right ſphere. 
If you now turn the globe from weſt to 
eaſt, it will plainly appear, that all places 
upon its ſurface are twelve hours above the 


broad paper circle, and as many below it; 


which ſhews, that the nights are equal to the 
days to all the inhabitants of the earth ; that 


is, they are illuminated by the ſun's rays 


twelve hours: whence theſe. are called the 
equinoctial ſeaſons, two of which occur in 
= — 
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| every year ; the firſt is the autumnal, the 
{ſecond the vernal, equinox x 
At theſe times the ſun appears to riſe and 


ſet at. the ſame inſtant. to all places 1 in the- 


ſame meridian. 

But their twilight is longer as tha ſitu- 
ation is nearer to either pole; in ſo much 
that within 18 degrees of the poles, their 
twilight is 12 hours, conſequently there is 
no dark night in thoſe places at the times 
of equinox: when at the ſame time thoſe 
places under the equator have only one hour 
and 12 minutes twilight; ſo that their arti- 
ficial day is about 14 h. 24 m. at theſe two 
ſeaſons of the year. 

Thus, if London, and Wund on the 
Gold Coaſt, be brought to the ſtrong braſs 

meridian, the graduated ſide of which is in 
this caſe the horary index; (though in other 
caſes the hour index is to be ſet to that XII 
which is moſt elevated ;) if then they be 
brought to the weſt ſide of the broad paper 
circle, the index will point to VI o'clock 
for ſun- riſing, and to VI for ſun- ſetting, 
when theſe places are brought to the caſts 
ern fide. 


2 Alt, 


4: p62 AA e de nee . er en, ee OY eee ee e e 
RRR R OO IEC 5" TONE. 


=o II Hey er care 


8 es | T7 = — n — -"v 5 l 
* Inge, 8 heli ; 
ER MEE. ANTS ug 7, 
+ ** Tan Dy 4 — 


P 


E 


r 


W 4 "4 
— u N 1 


. 45 
R * * 
* n r 


n 
r — 


D — _ TS ren od POT e- 


l : 
- —_ — = 
\ * y * 7 1 — Nr perm ps 1 —— 
a * 20" * rw * 4 n r er 4 * 8 N 8 N04 5. 44435 Dd 2 <5 , * r pa ey P ©: 8 
b * N 4 Fr 2 r „ nds fee bas” „ 
a : * > * 8 A EST. =P DD" 0 l 
4 . — 


e e n b * 


n 1 E1 ”»* © ö 
n Ii 


. 
2 * 8 , — 5 = 


_— — 4 — e 

— 29 

N * e ee 
. or - 


3 * —— * 4 * is e hh 9 2 * * - 
* r 1 ä 2 22 ' = my of a) pe y my 2 * 5 ND * 2 . ö . * 0 — = - 4 . _= fo - - 
6 . ee Ms hiding a OE e Ie n 122 * „ 1 * 2 * - IA 4. 2 c 
you K "= DIE OB 1 44 ee » : y 


9 
4 r 
3 A 


B 
7 
. 
. 
* 


A me * . 3 2 A 
OO Pe 5 ry i: eee . r : "PR * a r e D l 
* 3 8 \ cor * : 8 2 3 err * A 5 8 3 _— wi N 
* 4 n 8 — "1 8 * * * * I" v9 So CTR. 1. ING Yum wars. PRs "0 n wg" 2 8 - 4 * 5 : 
5 , * 55 . oy: * Mey ron n . oy , Fr Po hos! e n N 
oF * 1 — a v x 7 4 4 58 a Nen A . * y w- 1 
N : - 4 f A 


0 5 
9 8 . * + 
Sooo alert WAS Fre) Ry — EE TIRED — n r 

* 


14 Defriprion and Uſe of u. 


Al if London be turned from the weſt 


- towards the eaſt, and the hour index be ſet 


to XII as before, if you turn it till the ifland 
of Jamaica comes to the meridian, it- will 
ſhew, on the equator, the hour after noon 


at London, when it is noon at Jamaica; or 


that London paſſes under the meridian about 
Sb. 4 min. before Jandakea' arrives at We ortts 


p RO BL E, M N 
The FRET ſolltice. 


221. Rectiſy the globe to the eben 


of the divifions for the month of June, or 


to 231 degrees north declination; then that 


part of the earth's ſurface, which is within 


the northern polar circle, will be all illu- 
minated by the ſun, and the a e 
thereof will have continual day. 

But all that ſpace which is contained 
within the ſouthern polar circle, will be at 


the ſame time in the 1 and _— con- 


tinual night. 
222. In this poſition of the Sole we 45 
how the ,diurnal arches of the parallels of 
latitude/decreaſle, as they are more and more 
diſtant from the elevated pole. 
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223. If any place be brought under che 
ſtrong braſs meridian, and the horary index 
be ſet to that XII which is moſt elevated, 
and if that place be brought to the weſtern 
ſide of the broad paper circle, the hour in- 
dex will ſhew the time of ſun- riſing; and 

when moved to the eaſtern edge, the index 
points to the time of ſun-ſetting ; the length 
of the day is obtained by the time ſhewn by 
the horary index, while the globe i is turned 
from the welt to the eaſt ſide of the lumi- 
rated diſc. 

Thus it will be found that at London the 
ſan riſes about 15 minutes before IV in the 
morning, and ſets about 15 mipates after 
VIII at night. 

At the following places it will be ak 
at the times expreſſed. 


50 


MEE Mt bh | | # {Lengrtaj TW 
Riſing. Setting [of Day. light. 
h. m.] h. m h. m.] h. m4 
[Cape Horn 8 44] 3 166 32 2 8 
Cape of Good Hope | 7 og! 4 5.11 9 42| 1 22 
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—_— 


Rio de Janario in Brazil, 
near the tropic of Ca- 
pricorn ofSt.Thomas { | | 
The iſland | 
at the equator 6 96 a en, 
Cape Lucas, the ſouther- | | : [ 
| moſt point of Califor- | 
nia, at the tropic of (| 2 
Cancer / 1 2 [ 5 
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We alſo ſee, that at the time when the 
ſun riſes at London, it riſes at the iſland of | 
Sicily in the Mediterranean, and at the 
iſland of Madagaſcar, 

And that at the time when the ſun ſets 
at London, it is ſetting at the land of 


Madeira, and at Cape Horn, 


And when it is ſun-ſetting at the ifland 
of Borneo in the Eaſt-Indies, the oy 18 
riſing at Florida in America. 


* 


P ROB L E M XX. 
Winter ſolſtice. 


224. Rectify the globe to the extremity. 


f 


of the diviſions for the month of December, | 


or to 234 degrees ſouth declination, 
At this . it will be apparent, that 


the whole ſpace within the ſouthern polar 


circle is in the ſun's light, and enjoys con- 
tinual day; whilſt that of the northern po- 
lar circle is in the ſhade, and continual 
night. | 

Then if the globe be turned as Feger, 
the horary index will ſhew, that at the 


ſeveral places before mentioned, their days 


will be * equal to what their 
; r 
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nights were at the time of the ſummer 
ſolſtice. 

It will appear to be ſun- ſetting at the 
time it was then ſun-riſing; - and on the 
contrary, ſun-riſing at the time it then 
appeared to ſet. 


The terreſtrial horizon, 

22 5. As has been deſcribed art. 117, is 
a {mall braſs circle with one diameter that 
paſſes through its center; its circumference 
is divided into eight parts, which are marked 
with the initial letters of the mariner's com- 
paſs, the four cardinal points of the horizon 
being diſtinguiſhed from the reſt; this may 
be ſlipped from pole to pole on the moveable 
meridian, and by this means be ſet to ay 
place upon the globe. 
When the center of it is ſet to any parti- 
cular place, the ſituation of any other places 
is ſeen with reſpect to that place; that is, 
whether they be eaſt, weſt, north, or ſouth; 
thus it repreſents the ſenſible horizon. 
It will alfo ſhew, why the ſan appears at 
different altitudes and azimuths, although 
he is ſuppoſed to be always in the ſame 
place. 
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P R 0 BLE XXI. 

The ſun's altitude, as obſerved with 
a a terreſtrial or viſible horizon. 

226. The altitude of the ſun is greater 

or lels, according as one of the parallel right 

lines or rays, coming from the ſun to us, is 


farther from, or nearer to, our horizon. 


Apply the terreſtrial. horizon to London, 


the ſun being ſuppoſed i in the Din or on 


the ceiling directly over the globe. 
If then from London a line paſs vert» 
cally. upwards, the ſun will be wn em 
London in that line. 
At ſun-rifing, when Lakes Is be = 
to the weſt edge of the broad paper circle, 
the ſuppoſed line will be parallel to the ter- 
reſtrial horizon, and from London will be 


then ſeen in the horizon. 


As the globe is gradually turned 3 
the weſt towards the eaſt, the horizon will 


tecede from the line which paſſes perpen- 


dicularly upwards; for the line in which 
the ſun was then ſeen, ſeems to glide farther 
and farther from the terreſtrial horizon; I 


that is, the 5 8 altitude increaſes as gra- 
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dually as that line declines from the ter- 
n horizon. 

When the horizon, and ths! line which 
gocs from London vertically upwards, are 
arrived at the ſtrong braſs meridian, the ſun 


is then at his greateſt or meridian altitude 
for that day; then the line and horizon are 
at the largeſt angle they Can make that tay: 


with each other. 

After which, die noten of Ab hob 
being continued, this angle between the ter- 
reſtrial horizon and the line, which goes 
from London vertically upwards, continu- 
ally decreaſes, until London arrives at the 
eaſtern edge of the broad paper circle ; Its 
horizon then becomes vertical again, and 


parallel to the line which goes vertically ; 


upwards, and will then appear in he: m_ 
rizon, and be ſeen to ſet. 


PN 0 B L E M XXII. 
The ſun's meridian altitude at Aide 
different ſeaſons. 


227. Rectiſy the globe to the time of 
winter ſolſtice, art. 224, and place the center 


— 


of the viſible horizon ON London. my 38 
i | When 
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we London is at the graduated edge 
of the ſtrong braſs meridian, the line which 


goes vertically upwards, makes an angle of 


about 15 degrees; this is the ſun's meridian 
altitude at that ſeaſon to the inhabitants * 
London. a 

228. If the globe be rectified to the time 
of equinox, art. 220, the horizon will be 
farther ſeparated from the line which goes 
vertically upwards, and makes a greater angle 
therewith, it being about 38 degrees; this 


is the ſun's meridian altitude at the time of 
equinox at London. 


229. Again rectify the EP to the " = 
mer ſolſtice, art. 221, and you will find the 
viſible horizon recede farther from the line 
which goes from London vertically upwards; 
and the angle it then makes with the hori- 
zon, is about 62 degrees, which ſhews the 
ſun's meridian altitude at the time of the 
ſummer ſolſtice. 

Hence flows the following erich metical 


* 


PROBLEM 
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PROBLEM XXII. 
To find the ſun's meridian altitude 
univerſally. 


230. Add the ſun's | TT (nw fem to the 
elevation of the equator, if the latitude of 
the place and declination of the ſun are both 

on the ſame ſide. 

If on contrary ſides, ſubtract tha.” di 
clination from the elevation of the equa- 
tor, and you obtain the ſun's meridian 
altitude. 

Thus, the elevation of the equator at . g . g 

London . 
Sun's declination May 2oth 15/5 +718 


Their ſam. is the ſun's meridian alti- 7 3 
tude for that day at London 8 


Again, to the elevation of the equator? 2g 3 | 
at London, | YN 
Add the ſun's greateſt declination at 

Net the time of the ſummer ſolſtice, 455 29 


Their ſuna' is che; fay's greateſt meri- 
dian altitude at London "36: 57 


Whence alſo flows another nithod* 
To 
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| To Gd the ſun's greateſt. and leaſt 


altitude univerſally. 4 5517 


at 


231. Add the ſun's 5 to, is 
ſubtract it from the elevation of the equa- 
tor,. their ſum and difference will .be the 


ſun's meridian altitudes, when he hath the 
ſame declination either north or ſouth. "1 


Thus, to and from the elevation of | 9 
the equator, | 38. 2 


Add and ſubtract the ſun' . 85 'B 


nation, 
Ne ſum is the ſun? 5 meridian alti- 58. gr” 


. tude 1 in ſummer, 
. 


in winter, is 20 


having the fame declination, one e north, the 
er ſouth. | 


2 


PROBLEM XXIV. 


The ſun' s azimuth compared with 


the viſible horizon. 


232. Imagine the ſun, as we have done 
befoce; to be painted on the ceiling directly 
over 


—— 
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| over the globe, art. 218, and a line going 
vertically upwards towards the ſun from any 
place on the ſurface of the globe. 

If to that place you apply the viſible hori- 
zon, that point of it which a vertical line is 
neareſt to at any time, ſhews the ſun's azi- 
muth at that time: and we muſt allo ob- 
ſerve, that that point of the terreſtrial or 
viſible horizon, to which a vertical line is 
neareſt, is always the moſt elevated point. 

233. Rectify the globe to the poſition of 
a right ſphere, art. 214, and apply the viſi- 
ble horizon to London. When London is 
at the weſtern edge of the broad paper 
circle, which fituation repreſents the time 
when the ſun appears to riſe, the eaſtern 
point of the viſible horizon being then moſt 
elevated, ſhews that the fun at his . is 
due eaſt. 
Turn the globe till London emen 0 
eaſtern ſide of the paper circle, then the 
weſtern point of the viſible horizon will be 
moſt elevated, and ſhew that the ſun ſets 
due weſt. 

If the globe be redtified into the poſition 
of an oblique ſphere, art. 215, and London 


be brought to the caſtern or weſtern fide of 
the 
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144 » Deſcription and \Uſe of © the, 
the broad paper circle, the vertical line. will 


5 depart more or leſs from the eaſt and weſt 


points: in which caſes the ſun is ſaid to have 
more or leſs amplitude either north or ſouth, 
as. this departure tends to either. of thoſe 
two cardinal point. 

As the globe is turned to any particular 
time of the day, we ſhall have the ſun's. 
azimuth upon that point of 'the viſible hori- 
zon which is moſt elevated; and this will 


be the point wherein a line going towards 
tte ſun is neareſt to a vertical line; thus, if 
2 line going towards the ſun, be neareſt the 


ſouth-eaſt point, the ſun is then ſaid to have 

45 degrees azimuth eaſtward, that point be- 
ing 45 degrees from the meridian. 

234. In all poſitions of the globe in north 


Latitude, when London is brought to the 


ſtrong braſs meridian, the moſt elevated 
point of the viſible horizon will always be 
the ſouth point of it, which ſhews that the 
ſun; at all ſeaſons of the year, will appear 
to the ſouth of the terreſtrial horizon 'in all 
places included in the northern temperate 


zone; but to the north of it at thoſe places 


within the ſouthern tem s zone. 
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1 4. The ancient diſtinction of the | 
different places on the earth, ac- 
cording to the diverſity of the 


Fre ſhadows of pgs bodies at 


noon. e 
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PROBLEM: v. 


| The aſeii, or thoſe EVEN on a certain 5 
day project no ſhade at noon.” 5 


25765 Rectif the alobe; by in xix, 
art. 22 1, to the time of the ſummer ſolſtice, 
and apply the terreſtrial: horizon to any place 
ſituated on the tropic of Cancer, as Canton 
in China, and obſerve the ſun's meridian al- | 
titude with it, by bringing its center under 
the ſtrong braſs meridian, art. 226, it will 
then appear, that a line going vertically up- 
wards, will be perpendicular to it, conſe- 
quently the ſun will be at that time directly 
over the heads of the inhabitants of Canton, 
and project no ſhadow ; therefore they are 
aſcii, their noon-ſhadow being directly under 
2 them. _ 
413 


v6! Deſcription = Uſe of the © 


At all other times of the day, their ſha- 
dow is projected, in the morning directly 
weſtward, and in the 2 g caſt 
ward. 

The fame "E will happen to all the 
inhabitants, who live between the tropic of 
Cancer and that of Capricorn, if the ter- 
reſtrial horizon be gradually removed from 
parallel to parallel within theſe limits, and 
the globe rectified -according to the day of 
the month as before directed; by bringing 
the ſenſible horizon to the ſtrong braſs me- 
tidian, to obſerve the ſun's meridian alti- 
tude, we ſhall find him appear to be go 
degrees high, or vertical, at noon, to every 
place between the tropics 3 all the inhabi- 
tants being aſcii twice a year, except thoſe 
on the tropics themſelves, who are aſcii 
only once a year. 


PROBLEM 
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PROBLEM XXVI. 

The inhabitants of all places be- 
tween the tropics of Cancer and 

Capricorn, are not only aſcii, but 
amphiſcii, whoſe noon-ſhadows 

are projected ſometimes towards 


the north, at other times towards 


the ſouth. 


2 37. Place the ſenſible horizon on the 
equator, and rectify the globe to the time 
of the equinox, art. 220, at which time the 
equatorial inhabitants are aſcii at noon, Hav- 
ing the ſun full caſt of them all the morning, 
and full weſt all the afternoon. 

The eaſtern point of the ſenſible horizon 
will be always uppermoſt, or moſt elevated, 
as the globe is moved from weſt to eaſt; 
till it comes to the ſtrong braſs meridian ; 


and after it has paſſed this, the weſtern 


point will be moſt elevated. ; 

The ſenſible horizon remaining on the 
equator, rectify the globe to the time of the 
ſummer folltice, art. 221, and you will find 
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the north point at noon will be moſt ele- 


vated ; which plainly ſhews, that the inha- 
bitants of the equator will ſee the ſun full 


north at that ſeaſon, . and that their ſhade 8 


will be projected ſouthwards. 

238. If the globe be rectiſied to che winter 
ſolſtice, art. 224, the ſouth point will be 
moſt elevated, and the inhabitants will ſee 
the ſun on their ſouth ſide, which will 2 
je their ſhadows northwards. 

239. Heteroſcii are thoſe who live be- 


| tween the tropics and polar circles, whoſe. 


noon-ſhadows are projected one way only. 
Thoſe in north latitude have their noon- 
ſhadows projected northwards; the ſun. at 
that time being always in the ſouth. | 
And thoſe in ſouth latitude have their 
noon-tide ſhadows projected ſouthwards; the 
meridian ſun always appearing to them 1 in 


the north. 


240. Periſcii are thoſe who live within 
the polar circles; the ſun going continually 
round them, their ſhadow muſt neceſſarily 
go round them alſo. 

If che ſenſible or terreſtrial horizon be 
applied to any of theſe places, and the globe 


rectiſied according to the preceding direc- 


tion Gs 
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tions, it will ſhew, that the ſun appears to 
be more elevated at one time of the day 
than at another; and alſo, which way at 
all times the noon and other ſhadows are 
caſt. en, 
2241. Antœci are two oppoſite nations, 
lying in or near the fame meridian, one of 
them in north, the other in ſouth latitude ; 
they have both the ſame longitude, and 
equal latitude, but on oppoſite fides of the 
equator : they have oppoſite ſeaſons of the 
year, but the ſame hours of the day. 

242. Periceci are two nations ſituated on 
oppoſite ſides of the globe, in the ſame pa- 
rallel of latitude, having the ſame ſeaſons of 
the year, and oppoſite hours of the day. 

Therefore their longitude muſt differ 180 
degrees. 

243. Antipodes are two nations diame- 
trically oppoſite, which have oppoſite ſeaſons 
as well as oppoſite hour s. 

A ſtraight line paſſing from one to the 


other muſt conſequently paſs through the 


center, and therefore become a 4 of 


the globe. 
Their longitude and latitude are both 


oppolite, 
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"Theſe are exemplified by rectifying the 
globe into the poſition of à right ſphere, 
art. 220, and bringing the nations under a 
conſideration ta the edge of the broad paper 
circle. Thus, 

The inhabitants of the eaſtern pats of 
Chili are Antceci to thoſe of New-England ; 
whofe Periceci live in the northern parts of 
China, who are allo Antipodes to the _ 
birants of Chili. 

We fhall now proceed to exemplify the 


former precepts ir in a few 1 = | 


PROBLEM XXVII. 


To find all thoſe places on the aloe, 


over whoſe zenith the fun will 

paſs on any given day. 

244. Rectify the terreſtrial globe, art. 
219, by bringing the given day of the 
month, on the back ſide of the ſtrong braſs 
meridian, to coincide with the plane of the 


broad paper circle, and obſerve the eleva- 


tion of the pole on the other ſide; and that 


degree, counted from the equator on the 


ſtrong braſs meridian towards the elevated 
| ple, 
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pole, is the point over which the ſun is ver- 
tical. Now turning the globe, all thoſe 
places which paſs under this point, have the 
ſun directly vertical on the given day, 

Thus bring the 11th day of May into the 
plane of the broad paper circle, and the ſaid 
plane will cut 18 degrees for the elevation of 
the pole, which is equal to the ſun's decli- 
nation for that day ; which, counted on the 
ſtrong braſs meridian towards the elevated 
pole, is the point over which the ſun will 
be vertical. Now turning the globe round, 
we ſhall find that Amalagan, one of the 
Ladrone iſlands, the northern part of Ma- 
nilla, the middle of Siam, a great part of 
Africa, and St. Anthony, one of the Cape 
de Verd iſlands, the ſouthern fide of the 
iſlands Porto-Rico and Nomingo, and the 
northern part of the iſland of Jamaica, &. 
have all of them the ſun in their zenith on 
the 11th of May. 

Hence when the ſun's declination is 
equal to the latitude of any place in the 
torrid zone, the ſun will be vertical to thoſe 
inhabitants that day. 

Hence alſo we derive the following 


L 2 PRO- 
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PROBLEM XXVIII. 


Te o find the ſun's declination, and 
| thence the parallel of latitude 
correſponding cherewith, upon 
the terreſtrial globe. 


245. Find the ſun's place upon the broad 
paper circle for any given day, art. 98, and 
ſeek that place in the ecliptic line upon the 
globe; this will ſhew the parallel of the ſun's 
declination among the dotted lines, which is 
alſo the correſponding parallel of latitude ; 
therefore all thoſe places through which this 
parallel paſſes, have the ſun in their Zenith 
at noon on the given day. 

Thus for the 27th of July the ſary s place 
is A 4* pol, find this on the ecliptic line 
upon the globe, where it will cut the 19th 
parallel from the equator. 


PROBLEM XXIX. 
To find thoſe two days on which 
the ſun will be vertical to any 
place between the tropics. 
246. That parallel of declination which 
poet through the | place, will cut the 


ecliptic 
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ecliptic line upon the globe in two points, 
which denote the ſun's place ; againſt which, 
on the broad paper circle, are the W. and 
mouths required. | 


PROBLEM XXX. 


The day and hour at any place 
being given, to find where the 
ſan is vertical at that time. 


247. Let the given place be London, and 
time the 11th day of May at 4 minutes paſt 
Vin the atternoon. | 

Rectify the globe to the day ot the 
month, art. 219, and you have the ſun's 
declination 18 degrees north; bring London 
to the meridian, and ſet the horary index to 
XII, turn the globe till the index points to 
the given hour on the equator, 4 minutes 
paſt V, then Port-Royal in Jamaica will be 
under the 18th degree of the ſtrong braſs 
meridian, which is the place where the ſun 
js vertical at that inſtant, 
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PROBLEM XXXI. 


The time of the day at any one 


place being given, to find all 
thoſe places in which the ſun is 


then riſing, fetting on the me- 


ridian, and where he is vertical; 


| likewiſe thoſe places, in which it 


is midnight, twilight, and dark- 


: night, at the ſame inſtant ; as 


well as in thoſe places in which the 


twilight is beginning and ending; 
and alſo to find the fun's altitude 


at any hour in the illuminated, 


and his depreſſion in the obſcure, 


hemiſphere. 


248. Rectify the globe to the day of the 
month, art. 219, on the back fide of the 
ſtrong braſs meridian, and the ſun's decli- 
nation for that day, which is equal to the 
elevation of the pole, is given upon the gra- 
duated ſide of the braſs meridian, by its co- 
incidence with the plane c of the broad paper 


circle; 5 
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circle; bring the given place to the ſtrong 
braſs meridian, and ſet the horary index to 
XII, upon the equator, turn the globe from 
weſt to eaſt, until the horary index W to 
the given time. Then | 

All thoſe planets, which lie in the 3 | 

of the weſtern ſide of the broad paper circle, 

| fee the ſun riſing, and at the ſame time thoſe 
on the eaſtern fide of it ſee him ſetting. * 

It is then noon to all the inhabitants of 

thoſe places under the -upper half of the 
' graduated fide of the ſtrong braſs meridian, 
whilſt at the ſame time thoſe under the lower 
half have midnight. 
All thoſe places which are chen between 
the upper ſurface of the broad paper circle, 
and the wire circle under it, are in the twi- 
light; which begins to all thoſe places on 
the weſtern ſide that are immediately under 
the wire circle, to which it is the dawning 
of the day ; its end is at all thoſe places in 
the plane of the paper circle, on which the 
ſan has juſt begun to riſe. 

The contrary happens on the eaſtern ſide ; ; 
the twilight is juſt beginning to thoſe places 
in which the ſun is ſetting, and its end is at 
the place juſt under the wire circle, 
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- And all thoſe places which are under 'the 


twilight wire circle have dark night, unleſs 


the moon is favourable to them. 

All places in the illuminated 1 f 
have the ſun's altitude equal to their diſtance 
from the edge of the enlightened diſc, which 
is known by fixing the quadrant of altitude 
to the zenith, and laying its graduated edge 
over any particular place. 

Fhe ſun's depreſſion is obtained in the fame 
manner by fixing the center of the quadrant 
at-the nadir, or that point which is directly 
under the ſerver s feet. | | 


3 PROBLEM XXXII. 
To find the time of the ſun's riſing 
and ſetting, the length of day and 
night, on any day in the year, in 
any place, whoſe latitude lies be- 
tween. the polar circles; and alſo 
the length of the ſhorteſt day and 
night in any of thoſe latitudes, 
and in what climate they are. 
249. Rectify the celeſtial globe to the 


* of the given place, art. 189. Bring 
the 


Ceigial and Terreſtrial Globes. 1 


the artificial ſun to his place in the ecliptic 
for the given day of the month; and then 
bring its center under the ſtrong braſs me- 


ridian, and ſet the horary index to that XII == 


which 1 is moſt elevated. 
Then bring the center of the artificial ſun 


to the eaſtern part of the broad paper circle, 


which in this caſe repreſents the horizon, 
and the horary index ſhews the time of the 
ſun-rifing; turn the artiũcial ſun to the 
_ weſtern fide, and the horary index will ſhew 
the time of ſun-ſetting. 

Double the time of ſun-rifing is the wow 


of the night, and the double of _ of ſun- 


ſetting is the length of the day. 

Thus on the 5th day of June, gh ſun riſes 
at 3 h. 40 min. and ſets at 8 h. 20 min. 
By doubling each number, it will appear, 
that the length of this day is 16 h. 40 min. 
and that of the night 7 h. 20 min. 

The longeſt day at all places in north 
latitude, is when the ſun is in the firſt point 
of Cancer; and 
Ihe longeft day to thoſe in ſouth lati- 

tude, is when the ſun is in the * Fon of 


Capricorn, 


Whitefore | 
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Wherefore the globe being reQtified as 


ho and the artificial ſun placed to. the 
\ Hrſt point of Cancer, and brought to the 


eaſtern edge of the broad paper circle, and 
the horary index being ſet to that XII which 
is moſt elevated, on turning the globe from 
eaſt to weſt, until the artificial ſun coincides 


with the weſtern edge, the number of hours 


counted; which are paſſed over by the horary 


index, is the length of the longeſt day; their 


complement to twenty-four hour S the 
length of the ſhorteſt night. f 

250. If twelve hours be ſubſtrafted from 
the length of the longeſt day, and the re- 
maining hours doubled, you obtain the 


thereto twelve hours, you obtain the length 
of the longeſt day in that climate; this 


holds good for every climate en the a 
polar circles. 


A climate is a ſpace upon the ſurface of 
the earth, contained between two parallels 
of latitude, ſo far diſtant from each other; 
that the longeſt day in one differs half an 


hour from the longeſt day in the other 
| , 5 


The 
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The climates are reckoned from the equa- 
tor to the polar circle, where the longeſt day 
is twenty-four hours; from the polar circle 
towards the pole the climates are faid to 
increaſe by a whole natural day, till they 
come to a parallel under which the longeſt 
day is fifteen natural days, or half a month 
from this the climates are reckoned by half 
"months, or whole months, in the length of 
the artificial day, till they come to the pole 
itſelf, under which the day is bx months 


long. | 

; PROBLEM XXXIII. 

To iid all thoſe places within the 
polar circles, on which the ſun 
begins to ſhine, the time he ſhines 
conſtantly, when he begins to diſ- 


appear, the length of his abſence, 
as well as the firſt and laſt day of 


bis appearance to thoſe inhabi- 
tants; the day of the month, or 
latitude of the place, being given. 


251. Bring the given day of the month on 
the baek ſide of the ſtrong braſs meridian, 
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to the plane of the broad paper circle, the ſun 
is juſt then beginning to ſhine on all thoſe 
places which are in that parallel, juſt touched 


by the edge of the broad paper circle; and 


will for ſeveral days ſeem to ſkim all around, 


and but a little above the horizon, juſt as 
it appears to us at its ſetting ; but with this 


obſervable difference, that whereas our ſet- 


ting ſun appears in one part of the horizon 
only, by them it is {cen in every part there- 
of; from weſt to ſouth, thence caſt to north, | 


and ſo to the weſt again. 
Or if the latitude was given, elevate the 


globe to that latitude, and on tlie back fide 
of the ſtrong braſs meridian you obtain the 
day of the month, then all the other 9 


ſites are anſwered as above. Y 


#4, a» 


As the two concentric ſpaces, which con- 


tain the days of the month on the back fide 


of the ftrong braſs meridian, are graduated: 
to ſhew the oppoſite days of the year, at 
180 degrees diſtance; when the given day 
is brought to coincide with the broad paper 


circle, it ſhews when the ſun begins to ſhine 


on that parallel, which is the firſt day of its 


appearance above the horizon of that paral- 
_ tel; and the plane of the faid broad paper 


Circle 
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circle cuts the day of the month on the op- 
polite concentric ſpace, when the ſun begins 


to diſappear to thoſe inhabitants: thus the 


length of the longeſt day is obtained, by 
reckoning the number of days between the 
two oppoſite days found as above; and their 
difference from 365 days gives the 1 of 
their angel night. 


PROBLEM XXXIV. 
To find the length of any day in the 
year, 1n any latitude. 

2 52. Elevatè the celeſtial globe to the lati- 
tude, and ſet the center of the artificial ſun 
to his place upon the ecliptic line on the 
globe for the given day, and bring its center 
to the ſtrong braſs meridian, placing the 
horary index to that XII which is moſt ele- 


vated; then turn the globe till the artificial 
ſun cuts the eaſtern . 5 of thg horizon, 


and the Horary index will ſhew the time of 
ſun- riſing; turn it to the weſtern fide, and 


you obtain the hour of ſun- ſetting. 

The length of the day and night will be 
attained, by doubling the time of ſun-rifing 
and ſetting, as before. 
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PROBLEM XXXV. _ + 


To find the length of che longeſt and 


ſhorteſt ave in any latitude. 
253. Elevate the globe according to the 


latitude, art. 189, and place the center of 
the artificial ſun for the longeſt day upon t the 


firſt point of Cancer, but for the ſhorteſt day 
on the firſt -point of Capricorn; Then pro- 


ceed as in the laſt problem. 


But if the place hath ſouth latitude, the 


ſun is in the firſt point of Capricorn on their 
longeſt day, and in the firſt point. of Cancer 
on their ſhorteſt day. 


Note, This problem is only to be uſed 
in ſuch latitudes as lie between the northern 


and ſouthern polar circles. 


PROBLEM XXXVI. | 
To find the latitude of a place, in 
which its longeſt day may be of 
any given length between twelve 
and twenty-four hours. 


254. Set the artificial ſun to the firſt point 


of Cancer; bring its center to the ſtrong 
| braſs 
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braſs meridian, and ſet the horary index to 
XII; turn the globe till it points to half the 
number of the given hours and minutes; then 
elevate or depreſs the pole, till the artificial 


ſun coincides with the horizon, and that ele- | 


vation of the pole is the latitude required. 
PROBLEM XXXVII. 


| To find the diſtance between any 
two places. 


255. Lay Fo graduated edge of the qua- 
drant of altitude over both places, and the 
number of degrees between them is their dif- 
tance, which is reduced to geographical miles 
by reckoning 60 to a degree, or to Engliſh 
miles by reckoning 694 to one degree. 

If both places lie under the ſame meri- 
dian, their difference of latitude is the diſ- 
tance required. | 

If they are in the fame parallel of atitade; 
their difference of longitude is nearly the 
diſtance ſought, * provided the degrees of 
longitude be properly reduced to miles on 
the parallel on which they ate meaſured : 
for a degree of longitude is not 69% Engliſh 
miles any where but at the equator ; from 


which as the latitude decreaſes towards either 
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pole, it becomes leſs and leſs till it «ith 
into nothing at the poles themſelves, viz. 


in go degrees of north or ſouth latitude.— - 


Wherefore the quadrant of altitude will be 
alſo uſed here, as this will ſhew the diſtance 
in degrees of a great circle, of which 69 
miles and 4 may be reckoned to a degree: 
and this is indeed the only method of ob- 
taining the true diſtance, which ought to 


be meaſured on the arch of a great circle, 
and not on any parallel of latitude, which 


com be a leſſer ed 


PROBLEM XXXVIII. 


T O 8 all thoſe places which are 
at the ſame diſtance from a given 


Place. 
256. Redtify the globe by problem XII, 


art. 189, and bring the given place to the 


ſtrong braſs meridian, over which ſcrew the 
center upon which the quadrant of altitude 
turns; now move the quadrant round, and 


all thoſe places, that are cut by any one 


point on the quadrant, are equally diſtant 
from the given place. 


PROBLEM 
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PROBLEM XXXIX. 


70 lhew at one view upon the ter- 


reſtrial globe for any given place, 
the ſun's meridian altitude, his 


amplitude, or point of the com- 
paſs, on which he riſes and ſets 
every day in the year. 


2 57. Rectify the globe to the latitude of 
the given place, art. 189: bring that place to 


the ſtrong braſs meridian, and ſet the horary 


index to XII; ſcrew the quadrant of altitude 
to the zenith of the horizon, and bring it to 
the braſs meridian; you will then at one view 
ſee the ſun's meridian altitude on every de- 
gree of the ſun's declination for the whole 
year, cut by the graduated edge of the qua- 
drant of altitude, on the dotted parallels ; 


theſe dotted parallels at the fame inſtant alſo 


cut the edge of the broad paper circle now 
repreſenting the horizon, in the point of the 
compaſs or amplitude, on which the ſun is 


ſeen to riſe on the eaſt, or to ſet on the welt: 


fide of the horizon, for every degree of de- 


een throughout the year. 
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Fx If you trace any of thoſe parallels to the 
ecliptic line, you have the ſun's place when 
he is upon that declination, and thence the 


lh day and month upon the horizon. 

0 Alſo, the knowledge of the ſun's lace 
i In the ecliptic line, ſhews the ſun's decli- 
4 : nation for that time amongſt the dotted 

f parallels. 

| PROBLEM XL. 

| To ſhew at one view upon the 


the days and nights at any par- 
ticular place, for all times of the 
year. | 


258. Rectify the hb to ol latitude of 
the place, art. 189, and the broad paper 
circle will repreſent the horizon: and the 
upper part of the dotted parallels of declina- 
tion, which are here allo parallels of latitude, 
will repreſent the diurnal arches. : 
Whence we may obtain the number of 
Hours each of them contains, which is the 
ſolution of the Problem. To illuſtrate 
which, 8 


Elevate 


- 


terreſtrial globe the length of 
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Elevate the globe to the poſition of a 
right ſphere, art. 214, and you will, with 
one glance of the eye, ſee that all the dotted 
parallels of declination, as well as the equa- 
tor itſelf, are cut by the horizon into two 
equal parts. 

Therefore the inhabitants on the equi- 
noctial line have their days and nights twelve 
hours long; that is, the ſun is never more 
nor ever leſs than twelve hours above their 
horizon, during his apparent paſſage, from 
the tropic of Cancer to the tropic of Capri- 
corn, and thence to Cancer again. 
All the fixed ſtars have the ſame appa- 
rent motion to the equatorial inhabitants; 
that is, they riſe and ſet, continue above, 
and are depreſſed below, the horizon of 
any place upon the © exactly twelve 
Hours. 

| Raiſe the north pole of the globe a ſew 
degrees of latitude at a time, and you will 
ſee the diurnal arches will increaſe in length, 
until the pole is elevated to 664 degrees. 
above the horizon: then the parallel of the 
ſun's greateſt declination will be as far from 
the equator as the place itſelf is from the 
Pole; z and this parallel is the tropic of Can- 

M 4 5 cer, 
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. If you trace any of thoſe parallel to the 
1 ecliptic line, you have the ſun's place when 
he is upon that declination, and thence the 
day and month upon the horizon. | 

Alſo, the knowledge of the ſun's AY 

in the ecliptic line, ſhews the ſun's decli- 
nation for that time amongſt the dotted 


parallels. | : : 
PROBLEM XL. 


To ſhew at one view upon the 
terreſtrial globe the length of 
the days and nights at any par- 
ticular place, for all times of the 
year. : 


2 58. Rectify the hi to the latitude of 
the place, art. 189, and the broad paper 
circle will repreſent the horizon: and the 
upper part of the dotted parallels of declina- 
tion, which are here alſo parallels of latitude, 
will repreſent the diurnal arches. 
Whence we may obtain the number of 
hours each of them contains, which is the 
folution of the Problem. To illuſtrate 


: which, 


Elevate 
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Elevate the globe to the poſition of a 
right ſphere, art. 214, and you will, with 
one glance of the eye, ſee that all the dotted 
parallels of declination, as well as the equa- 
tor itſelf, are cut by the horizon into two 
equal parts. | 

Therefore the inhabitants on the equi- 
noctial line have their days and nights twelve 
hours long; that is, the ſun is never more 
nor ever leſs than twelve hours above their 
horizon, during his apparent paſſage, from 
the tropic of Cancer to the tropic of Capri- 
corn, and thence to Cancer again. 

All the fixed ſtars have the ſame appa- 


rent motion to the equatorial inhabitants; 


that is, they riſe and ſet, continue above, 
and are depreſſed below, the horizon of 
any place upon the equator, exactly twelve 
hours. 


| Raiſe the north pole of the globe a w 


degrees of latitude at a time, and you will 
ſee the diurnal arches will increaſe in length, 


until the pole is elevated to 66 degrees 


above the horizon: then the parallel of the 
ſun's greateſt declination will be as far from 
the equator as the place itſelf is from the 
PAC and this parallel is the tropic of Can- 
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cer, which will juſt touch 8 horizon in 
the north point. | 

And on the contrary we may obſerve, 
that the ſouthern parallels of declination 
continually ſhorten, as the northern ones 
lengthen, until they come to the 285 of 
Capricorn. | 
Rectify the globe to the latitude of U 
don 514 degrees north: when the ſun is in 
the tropic of Cancer, the day is about 164 
hours; as he recedes from thence, the days 
ſhorten, as the length of the diurnal arches 
of the parallels ſhortens, until the ſun comes 
to Capricorn, and then the days are at the 
ſhorteſt, being of the fame length with the 
nights, when the ſun was in Cancer, viz. 
about 74 hours. 

Rectify the globe to the altitude of the 
northern polar circle, and you will find, 
when the ſun is in Cancer, he touches the 
horizon on that day without ſetting, being 
completely twenty-four hours above the 
horizon : and when he is in Capricorn, he 
once appears in the horizon, but does not 
riſe for the ſpace of twenty-four hours; 


when he is upon any other paralle] of de- 
clination, the days are longer or ſhorter, as 
that 


* 
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that parallel is nearer to, or farther 6 
the equator. 


Elevate the globe to the latitude of 80 


degrees north, at which time let the ſun's 
declination be 10 degrees north, he then 


apparently ſeems to turn round above the 


horizon without ſetting, and never ſets from 
this point to Cancer, until in his return, 


after he has again paſſed this ne of 


declination. 


In the ſame manner, when his declina- 


tion is 10 degrees ſouth, he is juſt ſeen at 
noon in the horizon, and diſappears from 


that time in his ſoutherly motion, till his 


return to the ſame point. 
Elevate the north pole to go degrees, or 
in the zenith, then the globe will be in the 
| poſition of a parallel ſphere, (art. 210,) and 
the equinoctial line will coincide with the 


plane of the horizon: conſequently all the 
northern parallels are above, and all the 
ſouthern parallels below the horizon; there- 


fore the polar inhabitants, if any there be, 


have but one day and one night throughout 


the year; their day, when the ſun is in his 
northern; and their night, when he is in 
his ſouthern declination, 


This 


0 4 , an coins OT EL EDIT Vere: 99 — Fon , . 1 _ a 
Ag et LYONS W * AA ²˙ on Ro min .--: :“ 
- y N — * — W a Ss 3 * * 4s CCC * — 


; m 
2 Wen n e ORE PPS * n . 
Nr e ee . * 2 2 : 7 ie 2 

N _— p 


eee ee PN : 
Wm... DD IS. Brand q 


4 
+ 
x 
a 
+1 
1 
£ 
B 
— 
Li 
4 
1 
Pr. 
= - 
= : 
= * 
* 0 
'$: 
1 
? 
- = 
E 
= 
E: O 
"> 
* . 
3 
5 
5 
- 
'$; 
- 
© £ 
I „ 
t 
'T 
4 
3 
CT 
11 
» 
* 
"WH 
i if 
— 
4 ® 
'F 
= 
'£1 
1 pry 
+ & 
z 
. 
4 
- 
by 
* 
o 
= 
* 
$- 
* 
Þ 
7 
21 
8. 
1 
1 
12 
27 
555 
* 
MS 
7 
& 
5 
* 3 
+: 
b 
+ 
17 
F< 
. 
= 


* 
5 
id 
= 
14 
= 
= 
= 
Ss 4 
 < 
= 
4 
13 
1 
= 
4 
3 
| 7 
*' 
I'S: 
: 1 
= 
1 


: K 
SED 
$4745 AIG? ons 
— 1 —— — — 


—— 
D 
n 


3 
* — 
— Mo. r Wop Ar err 
* n e —— 


* Ker 
—— paths able eee of 


e, 


8 


dr. * 
3 
a oe 


a 
— 


170 Deſcription and Uſe of the 
This method of rectiſying the globe for 


north latitude holds good in ſouth latitude 
alſo, by ng the fouth pole. 


PROBLEM XII. 
To find what conſtellation any re- 
markable ſtar, ſeen in the firma- 
ment, belongs to. 


2 59. Bring the ſun's place i in the ecliptic 
for that day to the ſtrong braſs meridian, 
and ſet the horary index to that XII which 
moſt elevated ; the celeſtial globe being 
reified to the latitude, turn the globe till 
points to the preſent hour; and by the. 
help of the mariner's compaſs, and attending 
to the variation, which at London is between. 
20 and 21 deg. from the north, weſtward, 


ſet the north pole of the globe n the 


north pole of the heavens. 

The ſtar upon the globe (if you conceive 
yourſelf in the center,) which directs to- 
wards that point in the heavens, in which 
the ſtar you want to know is n, is the ſtag 
required. 

At the ſame time, by comparing - the ſtars, 


m the heayens with thoſe upon the globe, 
the 
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the other ſtars and their conſtellations may 
be eaſily known; whereby you will be 
enabled, any ſtar-lignt night, to point out 
many of thole ſtars called correſpondents ta 
various places on the earth. 


| PROBLEM XIII. 

To find at what hour any known 
ſtar paſſes the meridian on any 
day in the year. 


260. Redtify the globe to the latitude, 
(art. 189,) and ſet the artificial ſun to his 
place in the ecliptic ; bring its center under 
the ſtrong braſs meridian, and ſet the horary 
index to XII; then turn the globe till the 
ſtar comes to the meridian; and the horary 
index will point upon the equator to the hour 
on which that ſtar will be upon the ſouth 
part of the meridian. 

If you turn the globe on till the center of 
the artificial ſun is under that graduated 
ſide of the braſs meridian, which is below 

the elevated pole, all thoſe ſtars, which are 
then cut by that fide of the meridian above 
the faid pole, will paſs the meridian at 
midnight, 8 


PROBLEM 
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PROBLEM XLIII. 
To find on what day of the year 


any ſtar paſſes the meridian at any 

propoſed hour of the night. 

261. Bring the ſtar to the ſtrong braſs 
meridian, and ſet the horary index to the 
propoſed hour; then turn the globe till the 
index points to XII, and that degree on 
the ecliptic, which is cut by the meridian, 
is the ſun's place, againſt Which, in the 


kalendar upon the broad paper circle, is 
the day of the month. 


PROBLEM XLIV. 


To trace the circles of the ſphere i in 
the ſtarry firmament. 


262. We ſhall ſolve this problem for the 
time of the autumnal equinox ; becauſe that 


interſection of the equator and ecliptic will 


be directly under the depreſſed part of the 
meridian about midnight; and then the 
oppoſite interſection will be elevated above 
the horizon: and alſo becauſe our firſt 

* meridian, 
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meridian upon the terreſtrial globe · paſſing 
through London, and the firſt point of Aries, 
when both globes are rectified to the lati- 
tude of London, and to the ſun's place by 
problem XII, art. 189, 192; and the firſt 
point of Aries is brought under the gra- 
duated fide of each of their meridians, we 
hall have the correſponding face of the 
Heavens and the earth repreſented, as they 
are with reſpect to each other at that time, 
and the principal circles of each ſphere will 
_ correſpond with each other. 
The horizon is then diſtinguiſhed, if we 
begin from the north and count weſtward, 
by the following conſtellations ; the hounds 
and wriſt of Bootes, the northern crown, the 
head of Hercules, the ſhoulders of Serpen- 
tarius, and Sobieſki's ſhield ; it paſles a little 
below the feet of Antinous, and through thoſe 
of Capricorn, through the Sculptor's frame, 
Eridanus; the ſtar Rigel in Orion's foot, 
the head of Monoceros, the crab, the head 
of the little lion, and lower part of the 
great bear. 
The meridian is then e by the 
equinoctial colure, which paſſes through the 
ſtar marked & in the tail of the little bear, 
e under 
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under the north pole, the pole ſtar, one of 
the ſtars in the back of Caſſiopea's chair 
marked g, the head of Andromeda, the 
bright ſtar in the wing of Pegaſus marked 

7, and the e of the tail of. the 
e 
That part of the 88 which is then | 
above the horizon, is diſtinguiſhed on the 
weſtern ſide by the northern part of So- 
bieſki's ſhield, the. ſhoulder. of Antinous, 
the head and veſſel of Aquarius, the belly 
of the weſtern fiſh in Piſces; it paſſes 
through the head of the whale, and a bright 
ſtar marked #.in the corner of his mouth; 
and thence through the ſtar marked c in 
the belt of Orion, at that time near. the 
eaſtern fide of the horizon. 
That half of the ecliptic ih 3 1s then 
above the horizon, if we begin from the 
weſtern ſide, preſents to our view Capri- 
cornus, Aquarius, Piſces, Aries, Taurus, 
Gemini, and a. part of the conſtellation 
Cancer, 
The ſolſtitial colure, from the phe” wal 
fide, paſſes through Cerberus, and the hand 
of Hercules; thence by the, weſtern fide of 
the conſte lation Lyra, and through the 


dragon 8 
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dragon s head and body, through the pole 


point under the polar ſtar, to the eaſt of 


Auriga, through the ſtar marked » in the 
foot of Caſtor, and through the hand anil 
elbow of Orion. 

The northern polar circle, Bam that part 
of the meridian under the elevated pole, 
advancing towards the weſt, paſſes through 
the ſhoulder of the great bear, thence a 
little to the north of the ſtar marked a in 
the dragon's tail, the great knot of the dra- 


gon, the middle of the body of Cepheus, 
the northern part of Caſſiopea, and baſe of 


her throne, through Camelopardalus, and the 
head of the great bear. 
The tropic of Cancer, from the weſtern 


edge of the horizon, paſſes under the arm 
of Hercules, under the Vulture, through 


the gooſe and fox, which is under the beak 
and wing of the ſwan, under the ſtar called 


Saad, marked g in Pegaſus, under the head 


of Andromeda, and through the ſtar marked 
© in the northern of the conſtellation Piſces, 
- above the bright ſtar in the head of the ram 
marked a, through the Pleiades, between 
te horns of the bull, and through a group 

| of ſtars at the foot of Caſtor, thence above 


a ſtar 


4 
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a ſtar marked 9, between Caſtor and Pollux, 
and ſo through a part of the conſtellation 
Cancer, where it diſappears by paſſing . | 
the eaſtern part of the horizon. 

The tropic of Capricorn, from the wales 
fide of the horizon, paſſes through the belly, 
and under the tail of Capricorn; thence 
under Aquarius, through a ſtar in Eridanus. 
marked c; thence under the. belly of the 
whale, through the baſe of the chemical 
furnace; whence it goes under the hare at 
the feet of Orion, being there, depreſſed 
under the horizon. 

The ſouthern polar circle is Inviſible to 
the inhabitants of London, by * ag 
our horizon. 


To find the time of the ſun's entry 
into the firſt point of Libra or 
Aries ; and thence that point in 
the equator to which the ſun is 
vertical at either of thoſe times. 

263. This requires the knowledge of A 

_ . meridian that ſhall paſs through that point 

in the equator, to which the ſun is vertical 


at the times | of equinox; but as this point 
| us 


- 
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is variable, A bred money; muſt be firſt 
| obtained, 


In anno Domini 1263, the late Revs. 6 
Dr. Bradley obſerved the ſun to enter Libra 
on the twenty-ſecond of September, 10 h. 


24 min. after-noon, new _ at the Royal 
Obſervatory at Greenwich. . | 
As the earth's diurnal motion is from weſt 


to caſt, it cauſes all places to the caſt of any 


other place to paſs firſt under the ſun ; there- 


fore when the meridian of Greenwich paſſed | 


under the ſun that day, he was not then 


arrived at the interſecting point of the earth's 


equator and celeſtial ecliptic, but wanted 

10 h. 24m. which is equal to 156 degrees. 
See the table at the end of the book for con- 
verting time into parts of the equinoctial. 


Whence the fixed or firſt meridian ſought : 


is thus obtained, and lies 10 h. 24 min. in 
time, or 156 equatorial degrees welt of the 
Royal Obſervatory at Greenwich. 
This meridian is marked by a dotted line 
on our new terreſtrial globe; it paſſes through 
the great Pacific ſea, and croſſes one of the 


Iſles of St. Bernard, and the Iſle des Mouches. | 


The next thing to be conſidered is the 
neareſt mean length of a tropical year, which 
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is a Aetertiiadte ſpace or interval of time 
between the ſun's apparent paſſage from 
one point of the ecliptic, until he returns to 
the fame point again, of froth one equinox 
to the fame again, be it either vernal or 
autumnal. 5 
Me take for our radix the aut! 
equinox, anno 706 of the Julian period, 
Which we call anno mundi o, and compute 
from Thurſday Oct. 25th, oh. o min. or 
noon, the ſun being then ſuppoſed to be 
in the firſt point of Libra on the meridian 
before mentioned, and vertical to that point 
of the equator, which lies I 2 8 degrees weſt 
of Greenwich. 

And alſo in the meridian of Oicdtivich, 
Oct. 25th, 10 h. 24m. upon the 298th 
day from the calends of January. 
The tropical year thus reckoned exceeds | 


the Egyptian year by 5h. 49 min. and is 
but 11 minutes ſhort of the Julian year; 
ſo much being annually allowed for the 
17 retroceſſion of the equinox; conſequently 
WH . the mean length of a . 85 is 365 d. 
BY . 49 nin. 

1 Me are induced to meaſure time by this 
hl 5 quantity, becauſe aſtronomers unanimouſly 
= 5 | agree, 
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agree, that the earth paſſes through all the 
ſigns of the ecliptic, ſo as to complete the 
circle in 365d. 5h. 49min... 

Ny Ses the, \reſpeRtiye, tables of Rudolphus, 


Mr. Flamſted, Dr. Halley, Me. Meyer, and 


Mr. N N it will r 


that at 
1 „ 4 


The ſun's mean motion in | 
365 N © 5 29 45 40 
in 6 hours i 47 


SU 0 027 

Subtract, for. retroceſſion, d 

the ſun's mean motion 
in I I minutes of time, 


| MY 


— 
* , 1 
* * . S , : * 4 5 « 8 » : 
$3 © # * 2 . # #® Sa # i. 4 O - O O O 
ET # ” x , * 3 2 K £ 


| 1 WE 
; 

"The quantity of « one ne Julian 363: 6 
- year . © 
from which. ſubtract. as 


etroceſſion 


Fe i a * 
1811 14480 4 7 - +. So wo . n — . — — — 


Therefore the remainder _ 365 5 49 
cc mpletes the circle, and not one ſecond of 
t me more or leſs can be produced from any 
* ables extant.” . 


N 2 - Abd 


a 
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Ang the 1 between calculating 


downwards from the epoch he w P. 706, 


and calculating backwards in the modern- 
practice, from the various epochs in the 


moſt celebrated tables, is, that in thoſe laſt 


epochs, the 11 minutes of retroceſſion have 
not been conſidered. ee oeheas 
From the vernal to the ave] : M . 
tumnal equinox — 186 11 F 


From the autumnal to the 
vernal FqQUINDE | | E. qu 43 * 8 


The equinoxes regularly FER * ery ye: ag 


5 h. 49 min. later in the day, than in the 


preceding year, and at the end of every 
annual motion of the earth, the equinoctial 


interſection changes its meridian weſtward 


of that in which it fell che year before, wt 


87 deg. 1 5 min. 


Precepts for the ae of the ble 


of retroceſſion and au tumnal 
_equinoxes. | | 
264. Firſt, Find the number of years 


from the radix: If the given year is be- 


A ” 
E | 2 
J n ' 

* * 
F * 
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fore the Chriſtian æra, ſubtract it from 
40083 the remainder is the Ty from the 
radix. | 
Secondly, If any year ſince the Chriſtian 
#ra be given, add it to 4007, : their ſum is 
the year from the radix. _ | 
Thirdly, Collect the days, hours, 5 
minutes of retroceſſion, and autumnal equi- 
noxes, from the table, according to the 
number of years from the radix, in thou- 
ſands, hundreds, tens, and units; add theſe | 
into two ſums, the firſt will be the retro- 
ceſſion, the ſecond the time of the equinox _ 
in that meridian which lies 1 56 degrees 
weſt of Greenwich Obſervatory ; to which 
add 10 h. 24 m. and you obtain the time 
at Greenwich. . 
This method will Gn 5 any other 
meridian alſo, if you add its difference in 
time from the fixed meridian. Gs 
Solar tropical years thus reckoned begin ; 
and end at the autumnal equinox, and all 
Julian years begin and end at the kalends 
of January 6. mY 
N 3 * In 
The kalends of January 8 from the noon, 
of the preceding day; that is, from the 1 noon of the 


day before the firſt day of January. 


- 182. | Deferiptian and Lie a. the 


the comparing folar tropical years with 
a Julian years, by which we ſtill compute 
time, obſerve, that the laſt nine months 

of any ſolar tropical year anſwer to the firſt 

nine months of that Julian year with Which | 

it 'is compared; z and that the firſt three 

months of the next fucceeding tropical year 
anſwer to the three laſt months of that fame 

Julian year with which it is compared, ao 

The 298th. day from the kal&hds of Ja- 


nuary, which was T 'burſday in the 706th 


. 


8 


Libra at noon ; Wit which inflünt it Was oh. 
24 min. paſt noon at Greenwich 
In all calculations of autumnal equ inoxes, 
we take the ſame 298th day, or Oftober 
25th in the radical year o, for our epoch. 
And to gain the day of the month in 
which the * muſt bappen lince ms 


13 radix, | 
Wit 4 Add the number of days, hours: 158 mi- 
KY nutes in the retroceſlion, to the days, hours, 
1 85 and minutes of the r in the fixed 
WH meridian, and you obtain the Julian * 
5 | and hours from -the radix. & 
| Add the epoch 298 to the days of he | 
i 1 tropical: a ang from their ſom ſub- - 
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tract the entire days of the Julian reduc- 


tion, the remainder is the number of days 


from the kalends of January, old ſtile; 
add thereto eleven days, and you obtain. the 
number of days from the ſaid kalends of 
January, new ſtile; from which if you de- 
duct the neareſt leſs number in the table of 
months, (which numbers expreſs the laſt 


days of each month) the reſidue is the yy | 
of the ſucceeding month. 


But when the ſum of ths Julian 1 


tion contains eighteen. hours above entire. 


days, it is a biſſextile year; then one day 


more muſt be added to the entire Julian 


days before the ſubtraction i is made. 
When there are no hours in the Julian 
reduction, that is the firſt year after a biſ- 


ſextile; if ſix hours, the ſecond; if twelve 


above entire days, it is the biſſextile year. 


And when the laſt reſult exceeds 12 hours, 


add I to the days, and ſubtract 12 from the 
hours, and you change the time from aſtro- 
nomical to the civil reckoning. 


To gain the time of the equinox on any 


other meridian, add the difference of meri- 
dians to the time found in the firſt meri- 
N 4 . dian, 


; F 


, _ . 1 5 i" "iy | aA. a y 1 n 4 - z ** ** " 8 a —— 
— — — — — — S -- 8 rr - N , . ** 
r ee ee e eee * * Ms ow 3 r . C'S * — a 4 24A PLAY n 
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dian. Thus for London or Greenwich we | 
add 10 h. 24 min. for Paris 10h. 33 min. 
20 ſec. for Alexandria in Egypt | 12 15 Fe” 
25 min. & c. 


8 0 gain the week. day. 


46 5. Divide the days of the tropical re- 
duction by 7; if o remains, it is Thurſday; 
if 1, Friday; 2, Saturday; and 3, Sunday ; 1 
and ſo on to 6, which is e as in 
3 the table of SOR 


8 


Te 0 obtain the time of the vernal | 
t Equinox. | 


5, , 


266. Firſt find the autumnal equinox for 
the fame year in which the vernal equinox | 
is required; and from it ſubtract 186d. 

11 h. 51 min. which is the diſtance in time 
from Aries to Libra; their difference will be 
the time of the vernal equinox required. 

The day of the month, and week-day, 
found as above, we obtain the literal cha- 
racter for that day as follows. 

In the table of months ſtand the literal 
characters, that are placed againſt the firſt 
15 . | day 


x 
\ 
g ene : : . F 

64 * y = ace n N n . * 1 1 4 
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day of each month in any common . 
manack. 7 
And whatever letter ſtands againſt Tag 
firſt day of any month, the 8th, 1 r5th, 22d, 
and 29th days of that month, are all cha ; 
racterized with the ſame. 

A circle of the 7 literal, or c weekday, 
characters. 


The day of the month and week - day 
given, to find its literal character 
and dominical letter for that > 7 


du A. D. 1772, the autumnal equinox : 
happened at Greenwich, September 22d, 
o h. 55 min. on a Tueſday, ; 
Quexe, The literal character for that * Ry 
and dominical letters for that year, it being 3 1 
biſſextile ? | 1 | 
The 


6 
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The literal character for the iſt of Sep- 
tember is F; ſo alſo is the 22d, and Tueſday 
in the preſent queſtion. Look on the circle 


of week - day characters, call F Tueſday, | 


8 Wedneſday, A Thurſday, and ſo on to 
Sunday, which falls upon D, the laſt of the 
two dominical letters for that year, ſerving. 
from the intercalary day to the year's end. 


The firſt dominical letter for leap-years i is 


the next in the circle, and ſerves for January 


and February, which in this example is E. 


Therefore the two dominical letters for the 
biſſextile year 1772 are ED new ſtile. 

In any common year, the letter firſt found, 
ſerves for the whole year. 


The dominical letter being known, to 


find on what dey of the week any wad in 
the year falls. 

Quxxx, What day of tis week, is, the 
20th day of March, A. D. 1772? _ 

The literal character for the Iſt of March 
is D, ſo i is the 15th and the 20th, being five 
days more, if we count from D, Which 
happens to be the domiĩnical letter, to 35 
Monday the 16th, we ſhall find B is F ricay 
the z0th day of March, A. D. 1 15 new... 
ſtile. 


It 


p 
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If the dominical letters were requ i 
for old tile, in theſe examples the firſt 
would be the 11th" of September, 177, . 
whole literal character is thus found, F the 
iſt day of September, and alſo the 8th, 
S the gth, A the 10th, and B the r rth, 

and by the following 'calculus Tueſday; 
therefore AC are the dominical 25 old 


ſte, A. D. 1 ig 


7 . 
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268. Required the autumnal . at 
Alexandria in Egypt, in the 146th year be- 


fore the Chriſtian Ara. 


pI f 2 


| AM. 55 or years fom the radi, Od. 25, A. l. F. 706. > 


| 2, | Retroceſſion, 
Years 3 radix d. h. min. 
3000 22 22 © 
800 ' 6 2 40 
n © 


= Sept. * 4. 


tropical time 
retroceſſion 


Tropical red uction. 2 
days à radix h. min. 
„„ 
292193 21 20 
21914 17 0 

730 38 


7)1410565 23 58 
201 509-2 Saturday. 
ö ' 


3 


d. 1 
1410565 23 58 
„ 12 2 


——— d—— 


— 22 ů — 


| Jian reduttion 14 7 1 0 


' the 3d year after 
biſſextile. 


* min. 


a kal. Jan, 268 23 58 fixed meridian. 


meridian diſt. 95 


12 25 


The fur in the l point of 
Libra Sept. 26, | ? 269 


— 


12 23 at Alexandfin, 


e. in the 
147th year before the Chriſtian Ara. 


4* 


269. To 
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_— To find the time of the vernal 
equinox. in the ſame year, and at- the lame 


place. * on 3 


''; 10 . 3 


From the autumnal equinox, ve. 56 * 


kal. Jan. 


ſubſtract the : Gangs. in : time between * 22s 3 


and = | 


o 7% 
* . — 


4 SEE 25 ee 


a The fin i i the 1 point of Aries at Alexan- 
dria before Chriſt 146 years, . 


.* 
. o 2 * 
2 3 
80 32 OO s +7 * 4 


24 © 33 


7 


270. To find the time of the autumnal 
equinox at Greenwich, A. D. 1768. 


7 
+1768 


—— 


* 
13 2 
& 4 SS > , 


A. M. 677 or years from the radix, 


355 8 
Years à radix d. h. min. 
_ ' ©  *5000 38 51 % 40 
700 5 8 20 
7 ous 5 

„ 
— 

wel 


EE at 


days a radix h. min. 
13826211 19 20 


255669 15 40 

25766 23 10 
1820 75" 8 
7)2109274 15 15 

301 3 24+6W edneſday. 


* . 


7 


&, Bf, iption and Us of * 
DW : 7 01 8 . 
10121 25 ys 274 9 ah” tone. 2109274 15 15 
2 epoch "! +298. „ 9 3 44 4 — 
572 21093 818 
1 8 becauſe of the 18 h. biſſextile year. 
Ponies Tee, 2 kal. Jay. An, ate 5d cenrt 
: Hor new file - 17 11 days | : not 14 
„„ 38 264 à Lal. Jan, new U fille © N . _ 
for Auguſt — 243 — 
* N 11 : 
S in > Sept. 21 21 a. h. min. 
| in the — 8 A kal. Jan. 264 15 15 
"Ty mameridian diſtance n. © 10 24 
15 the fam i in "the ſt Saint of Libra at Green-} - 5 
| - wich, Sept. 22s 4 65 * 
. 3 „ A HV +38 — 15 | 
; 271. To find the fime of the vern: 
1 nox, A. D. 1768. 
From the bee equinox, 2 jp 22, ee e309 
N 2 | 186 11 FX 
| | 0 Fe: 48 
for Feb. — _ | 
th fit Aries at Greenwich, A A.D. 176, þ io 1 48 


272. Having 


Gia cid Terr 55 Elder 19 x 


4 272. Having found the autumnal and 


vernal e equinoxes for the biſſextile year, A. D. 
1768, we obtain them for the three fol- 


lowing years by contiriually adding thereto 


5h. 49min. thus: 5 IN 


in © d. 1 i 7 12 
1758, March 19, 4 13 43 - 1768, Sept. 22, 265 1 39 


| V 5 49 
| 1769 March 19, 7 +4 37 - - 1469, 8 22, 265 ? 28 
1770, March 20, TK 10 7 - 1779, 5 22, 7 13 17 

5 49 


177i, March 20, 79 7 55 - 1771, . ans ts ig 6 


273. . = time ; of FR cutdranl 
equinox at Greenwich, A. D. 1772. 


. 4007 
1772 


AD D. 5779 or years 9 the radix. 


.-— Retrobeſſion, — Tropical redufiion. 
Years à radix. d. h. min. days a radix. h. min. 


5000 38 4 40 1826211 19 20 
8 255669 15 40 
0 16 40 25566 23 10 


9 | 2 * — — 22 3287 gd 4. 21 


44 3 29 57210735 14 31 


— 4 


weeks 301 5334 Monday. 


— —— — a 
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Towical days 735 wo-the tropical time 21 nz 1431 
E E 1 3 29 


2 


* 


. | | 226779 18 0 
lu. 84 ee becauſe, of the 18h, ; Lion's year. 


FY Ht. 


— 


| 53 A kal. Jan. old ftile Ree of + 
for new | ſtile +- 11 days 7 þ ILSS 
. . ber Jan nw file | 
for Auguſt — —_ oi PAS. Yn 
| | GivLibraSepe  — EE ee min, 
in the fixed meridian 1 tall RY 264 14" 91 
J!; “ diſtance . 0 10 £4 
* T be lun i in we firſt point of Libra at Green- . 
wich, Sept. 22, dees works 


On a Tueſday: Dominical letters E D. 


1 To obtain the 'vernal « | equinox, 
A. D. 3 | 


nf ot we © Nl 
From the 2+ Pay equinox,  Sepe lla. J 265 is 
diſtance from a to Libra 2386 31 2 


„ gin. Hes * 15 98: 1 L Hig 
£2 for February 59 4 


The .1 ſun in 1 fit point of Aries at r 
Ki; ; Greenwich, 21 19 1 


We find the two equitioges in the three 
next ſucceeding common years, as in the 
preceding example, by the continual addi- 

tion of 5 hours, 49 minutes. 


. * 
N . 25 5 : bs, + 2 
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By this method of calculation, we avoid 


any miſtake that might happen with reſpect 
to the intercalary day; becauſe we find the 


autumnal equinox firſt, and thence the vernal 
equinox, which always falls after the inter- 


calary day, and alfo hecauſe tropical time has 
no biflextile years. 


To reduce hours, minutes, and 
ſeconds of time, into degrees, 
minutes, and ſeconds of the 
equator. 


275. Divide the ſeconds of time by 4, 


the quotient is minutes, and remainder ſo 


many times 15 ſeconds. 
Divide the minutes by 4, the quotient is 
degrees, and remainder ſo many times 15 
minutes. 

Multiply the hours by 7 Y the product i 
degrees. 


EXAMPLE« 
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EXA. 7 


. rk 35 min. e of time 
into One; minutes, &c. of the us 8 


ſec. "ul. J. ow. for. 
4)27 435 i > a 
8 15 8 "4 1 
163 — —— 


anſwer 173 $51 45 


To teduce deprees, minutes, and 

- ſeconds of the equator, into 
hours, minutes, and ſeconds 
of time. 


276. Divide ſeconds by 15, the quotient 
is ſeconds, and remainder ſo many mes 
4 thirds. | 
Divide minutes by 1 5, the quotient is 
minutes, and remainder ſo many times 4 
ſeconds. | 
Divide the degrees by 15, the quotient is 
hours, and remainder ſo many times 4 
minutes. 


EXAMPLE. 


Celeſtial and T, nah Globes. 19 5 


! 


Examei 
. 173 deg. 51 min, 45 ſec. of the 


F 


equator into hours, minutes, and ſeconds of - 


time. ed 
ſec. 3 min. deg. Ne Be min. PO | 
1545(3” 50503“ „„ 1 
45 1 45 e AS * 0 3 24 
— WE: 1 
N , Z L 
ei 10 84:16 27 anſwer, 


"_ fe: „ 


f þ. 


We are now 8 to Gin: ah lat- 
ter part of the laſt problem, which 1s. as 
Kn 


PROBLEM we ih 


To find all thoſe places' in which it 


is noon at the time of: an equinox, 

as well as that point upon the 

equator, to which the ſun i is ver- 
tical at that time. 


277. Having found the time of an equi= 
nox by the preceeding, or any other method 


af calculation, as in the firſt example, we 
| O 2 find 
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| find the ſun entered the firſt point of Aries 
at Alexandria in n Egypt, March 24th; Oh. 
32 min. = 
| The 32 minutes of time e to the : 
- equator, are equal to 8 degrees. ba 
Therefore bring Alexandria under the 
graduated fide of the ſtrong braſs meridian, 
and ſet the horary index to XII upon the 
equator, turn the globe from weſt to eaſt 
until 32 minutes of time, or 8 degrees of 
the equator have paſſed under the horary | 
index, where ſtop the globe; then all thoſe 
places under the ſaid graduated fide of the 
ſtrong braſs meridian will have noon, and 
that degree of the equator, which is then 
under the meridian, is the point to which 
the ſun was at that inſtant vertical, and is 
the interſecting point of the equator and 
ecliptic,” or that terreſtrial meridian, which 
governs the paſſage of the. firſt point o 
Aries for that year. | 


The 
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The * e A. D. 1772, 


happened on the 19th day of 
March, at 13 h. 4 min. which 
reduced to the degrees and mi 


nutes of the equator, is equal: to, 
196 degrees. | 


278. Bring 1 to the ſtrong braſs 


meridian, and ſet the horary index to XII, 
(in this caſe the graduated- ſide is the ho- 
rary index) turn the globe from weſt to eaſt 
until 13 h. 4 min. of time, or 196 degrees 


of the equator have paſſed under the horary 


index, where ſtop the globe; the 196th 
degree of the equator will now be found 


under the graduated fide of the braſs meri- 


dian, and is that point on which the ſun was 

vertical at noon; at which inſtant it waz 

| 13 h. 4 min. paſt noon at London or * Green- 
wich. 


The meridian paſſing through this point, 


will be ſeen to paſs a little eaſtward of 


Kamkatſka through the Pacific Sea acroſs 
the iſland Dicerta, thence eaſt of the- iſlo 
TOS and through the weſtern. part of 
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New Zealand; all which places will have 
noon at the inſtant of that vernal equinox, 


The autumnal cquinox, A. D. 1772, 
happened September Rad, 0 h. 
55 min. at London, the 55 min. 
being equal to 1 3 deg. 45 min. 
of the —_—_ 


279. Bring "TA to his 3 ſide 
| of the ſtrong braſs meridian, and ſet the 
horary index to XII, turn the globe from 
weſt to eaſt, until 5 minutes of time, or 
13 deg. 45 min. of the equator have paſſed 
under the horary index, where ſtop the 
globe; here as in the laſt example, the 13th 
degree and 45th minute is that point upon 
the equator to which the ſun is vertical, 
and the meridian paſſing through this point, 
lies under the graduated ſide of the ſtrong 
braſs meridian; which paſſes over the mid- 
dle of Greenland, and through the Atlantic 
Occan to the eaſt of Teneriffe, a little to the 
weſt of Aſcenſion Iſland, and thence through 
the Ethiopic Ocean, at which places it was 


noon at the time of this autumnal equinox. 
Þ | Here 
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Here it will be proper to. give * reader a 
ſhort account 


Of the natural agreement between 


the celeſtial and terreſtrial ſpheres; 
or, How to gain a perfect idea of 
the ſituation and diſtance of all 


places upon rhe earth, N che fun 


and ſtars. 


280. That part of Fo Fad io wh 
is in the zenith of London, is perpendicular 


to half the globe of the earth; which half 
comprehends almoſt all the habitable land 


of Europe, Aſia, Africa, and America, with 
their coaſts, capes, land, and ſeas; ſince 
under the other celeſtial hemiſphere, which 
we do not ſee at the ſame time, there are 
only very inconſiderable lands and ie, 
The inhabitants of Great Britain and Ire- 


land nearly ſee the ſame half of the firma-- 


ment adorned with ſtars and planets, which 
at all times ſupply the place of an immenſe 
map of the world ; and ſhew our terreſtrial 
hemiſphere by the ſtars, conveying the cor- 
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reſpondent marks of the two continents ta 
our fight and mind. 5 
The ſun, by his apparent 4 motion, ; 
ſeems to deſcribe a kind of ſpiral, in paſſing 
from one tropic to the other and back again, 
continually changing his declination, and 
every day eu a different 0 
art. 171. . 
Forty- ſeyen of theſe Jurnal 8 are 
drawn on our new terreſtrial globe, art. 177, 
| 178, between the tropics of Cancer and 
Capricorn, repreſenting the parallels for may 
degree of the ſun's declination. f 
Before the reader proceeds, he is deſired, 
in order to be perfectly acquainted with the 
cauſe of the daily change in the ſun's decli- 
nation, to go back to art. 18 5, and read 
from thence to the 18gth art. 
Which being done, it will be eaſy to con- 
ceive, that the ſun being in any one of theſe 
parallels, muſt neceſſarily caſt his perpendi- 
cular rays that day upon the heads of the 
Inhabitants of thoſe places thro' which that 
| parallel of declination paſſes. 
Note, Although theſe 47 i are 
here called paral els of declination, they are 
| alſo 
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alſo parallels of latitude upon the terreſtrial 
globe. 

From theſe principles we obtain the fitu- 


ation of thoſe places, to which the ſun is 
vertical every day in the year 3 we alſo find 


the time of that day at the place of any ob- 


ſerver, from whence looking at the ſun, we 
may pronounce him to be over the heads of 


the inhabitants of divers cities and ſtates, dur- 
ing the ſeveral hours of that Gay, and 0 on 


for every day in the year. 2 

The ſun being perpendicular over any 
one of theſe diſtant cities or principalities, at 
the time of our obſervation, if a plumb-ling 
be held up between the obſerver and the ſun, 
ſo as to paſs through or before the ſun's cen- 
ter, it will cut the viſible horizon in a point, 
that will fix the bearing or paſſage in a zight 
line from the obſerver to that place, upon 
which the ſun is then vertical. 


A point thus noted upon the viſible hori- 


zon may be ſeen at all times, and repreſent 
the ſame bearing, independent of the ſun 
and ſtars, and that in ſuch a conſpicuous man- 


ner as to render this knowledge always eng 


Ertaining, wy and . 
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Deſcription and Uſe of the + 


The ſtars at night perform the ſame more 
copiouſly, by pointing out to our ſenſes the 
diſtance of many remote provinces, at one 
and the ſame inſtant of time, from our own 


zenith, _ 
Hence we are in poſſeſſion of a moſt « ex- 


tenſive field, wherein we may correct and 
improve our een and  Sfographica 


knowledge, nie wore) 


Examples of folar correſpondents 


is 5 


PROBLEM XLVI. 


To find the ſolar correſpondence to. 


a fixed point upon the earth, 
when the ſun is ſeen by an ob- 


ſerver, fituated upon any other 
point of 5 its ſurface. 


ExAuTTIE 2 5 


1 Let the obſerver be i in Ss (or 
in any of the country places within thirty 
miles of it) upon the 10th day of March, 
at 10 minutes paſt XI o'clock in the morn» 


ing. | 
QUERF, 
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Quxkx, The place upon which the ſun 
will be vertical at that time? 
Rectify the globe, by bringing * 10 
of March, engraved on the back of the 
ſtrong braſs meridian, to the plane of the 
broad paper circle; find the ſun's. place, 
againſt the day of the month in the kalen 
dar, which will be about 20 deg. 40 min. 
in Piſces ; ſeek theſe degrees and minutes 


in the Gon Piſces upon the ecliptic line on 


the globe, and you will find it fall upon 
the fourth parallel of ſouth declination: to 
all the inhabitants on this parallel, the ſun 
will be vertical that day. Now bring 1 h. 
10 min. on the equator to the graduated 
ſide of the ſtrong braſs meridian, and you 


will find it cut the fourth ſouthern parallel 


upon the city of LOADED, on the ma 
coaſt of Africa. 

Therefore if you look at the ſun 10 mi- 
nutes paſt XI in the morning at London, 
you will then ſee him at the inſtant he is 
directly over the heads of the inhabitants of 
the city of Loango in Africa; at the ſame 
time, your ideas are made ſenſible of the 
comparative diſtance, which you ſee in the 
firmament between the zenith of London, 

under 
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under which you ſtand, and the ſun, which 
is then in the zenith of Loango; alſo if at 
the time of your obſervation, ' you cauſe a. 
plumb- line to be held up between you and 
de center of the ſun, and caſt your eye 
_ down towards the moſt diſtant part of your 
_ ſenſible horizon, the plumb-line will cut 

2 point thereon, which, if remembered, will 
always ſhew you the true bearing or point 
of the compaſs, in a direct line from your 
fitnation, to that of Loango. 

This diſtance and bearing _ bo W 
ſound by the globe thus: Y | 
Elevate the globe to the 0 is Lon. 
don, that the broad paper circle may repre- 
ſent your horizon; ſcrew. the nut of the 
_ quadrant of akitude in the zenith, that is, 
upon 51 deg. 32 min. counted from the 
equator towards the elevated pole; bring 
London under that point, and lay the gra- 
duated edge of the quadrant upon Loango, 
which will cut the. bearing 15 degrees, 
reckoned from the ſouth towards the eaſt; 
or between the points SSE and SbE ;. now: 
ſeparate the quadrant from the. globe, and. 
lay its graduated edge upon Loango, and. 
London, ſo that the beginning of the gra». 


_ quiation may lie upon one of the Places, then 
the 


caigtia and Terrefirial Globes, tog 


| the other will cut 56 degrees, which is 
equal to 3360 geographical miles, or 3892 
Engliſh miles, the diſtance between London 

To elucidate this example, we © ſhall trace 
the ſun's verticity over that part of this 
day's parallel of declination, which is in- 
cluded between the riſing and ſetting ſun at 
London for that day. : 

Imagine, as we have before ſuppoſed, a- an 
image of the ſun to be painted upon thę 
ceiling of the room, directly over ä 
reſtrial gl. he. 

Loet the globe be rectilied to the 3 
of March, place the center of the artificial 
horizon upon London, and bring it into 2- 
coincidence with the welt fide of the plane of 
the broad paper circle, now repreſenting the 
edge of the earth's illuminated diſc; we. 
ſhall then have the poſition of the earth 
with reſpect to the ſun for that day; When 
the inhabitants of London will be leaving 
che twilight, and paſting into the firſt point 
of day, or ſun- riſing, at about; 18 minutes. 
paſt VI in the morning, cut by the gra- 
duated fide of the ſtrong braſs meridian on 
the hour line under the equator ; at this 
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time, the meridian will | likewiſe croſs the 
fourth parallel of fouth declination, in the 
Indian Ocean, between the iſland of Sumatra 
and the Maldive Ifles; if we look upon the 
fun that morning at the inſtant of his riſing, 
we ſhall ſee that his diſtance from our zenith 
will then be go degrees, he being in our 
horizon, which is equal to 5400 geogra- 
phical or 6155 Engliſh miles, the diſtance 
from London to that part of the Indian Sea; 
turn the globe from weſt to eaſt, until 
8 h. 12 min. are under the horary index, 
which in this caſe is the ſtrong braſs meri- 
dian, and it will cut the iſle Macarenhas, to 
which the fun will then be perpendicular; 
at + paſt IX he will be perpendicular to the 
coaſt. of Zanguebar, his central ray paſſing 
between Monibacca and Pemba; thence it 
paſſes over the kingdoms of Monomugi, 
Macoco, Congo, &c. until he is perpen- 
dicular to the city of Loango, upon the 
weſtern coaſt of Africa, at 11 h. 10 min. 
the ſame morning; immediately after which, 
his perpendicular rays are abſorbed in the 
Ethiopic Ocean, over which he is 3 h. 
22 min. in paſſing to Fort St. Lucar, on 
the eaſtern coaſt of America; at 32 minutes 
paſt 


8 


Celeftial and Serrefirial Ghbes. 265 
paſt II in the afternoon ; thence he proceeds 


to ſend forth his perpendicular rays over the 


heads of the inhabitants of Brazil, acroſs the 
vaſt country of the Amazons and Peru, in 
the decline of our evening, until his arrival 
over Cape Blanco on the weſtern fide of 
South America, a' little before he ſets to-the 
inhabitants of London, which is about 46 
ee Vo clocks 


kar IL 


282. Every rectifcation being . 


as in the firſt example; ; Q. What is the place 


upon which the ſun is a Correſpondent at 
48 minutes paſt VI in the evening of the 
18th of May, the ſun's place being about 
17 deg. 40 min. in Taurus, or neatly vertical 
to the 17th parallel of north declination on 
that day? Turn the globe from welt to eaſt, 
until London has paſſed the ſtrong braſs 
meridian, and ſtop: when its. graduated fide 
is directly over 6 h. 48 min. afternoon, and 
it will cut the 17th parallel of north decli- 
nation, the city of Acapulco on the weſtern 
coaſt, of Mexico, oyer which the. ſun will 
then be vertical. 
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Ex Aub II. 


85 8 Let the obſerver be at Cape Clear 
on the weſtern coaſt of Ireland; on the 16th 
day of July; at 54 minutes * VIII in the 
e. | 

Quexx, The —_ upon which the ſur 

will then be vertical? 

The ſun's place being in the 24th . 
of Cancer, which on the globe falls upon 
the 21ſt parallel of north declination, 5 

Bring Cape Clear to the graduated ſide of 
the ſtrong braſs meridian, and ſet the horary | 
index to XII, turn the globe till 8 h. 54min. 
amongſt the morning hours are under tlie 
horary index, and you will find the gra- 
duated fide of the ſtrong braſs meridian to 
cut the 21ſt parallel of north declination 
upon Farrat in Nubia, on the wellen coaſt 
of the Red Sea. 


EXJAMPLE IV. 
284. Let the obſerver be at Rome on the 
20th day of November, at 37 minutes paſt ö 
XI in the morning. 


Qutxe, the place upon which the ſug 
will be vertical at that time ? 


The 


* 


Celeſtial and Terreſtrial Globes. 2 og 
The ſun being about 284 degrees in 


Scorpio, which falls to the ſouthward of the 
20th parallel of fouth declination, | 

Bring Rome to the graduated fide of the 
ſtrong braſs meridian, and ſet the, horary 
index to XII; turn the globe to have 10h. 
37 min. under the horary index, and the ſaid 
graduated fide will then cut, under the 2oth. 


parallel of ſouth declination, the City of 80 


fala in the kingdom of Quiteri, to the ſouth 
of Monomotapa, on the eaſtern coaſt of 
Africa. | 

We apprehend theſe four examples are 
ſufficient to give the reader a clear idea of 
the ſolar correſpondents to all places within 
the torrid zone, and to enable him to dif 
cover ſome thouſands more. 

Although we can have but one ſolar cor- 
reſpondent. at the ſame time, yet, as in the 
firſt example, we can trace him through 
his diurnal parallel for every hour and mi- 


nute of the day, WE: ſo alſo Ry Wer. we 


in the year. 

Nothing can be eafier or more intelligible 
than this method of improving the mind, 
by * repreſenting to the eyes the diſtance 
from our own zenith to that of every ſpot 
23% |, "= 
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of land and ſea within the tropics; when 
at every fingle obſervation we have it alſo 
in our power to note the bearing of each 
of theſe places upon our viſible horizon, 
which may be referred to, at all times, when 


the ſun is not in that parallel. 


Let us now change the ſcene, and pro- 
ceed from the conſideration of the ſun, to 
that of the ſtars; which will preſent to our 


view a copious field of geographical know- 


ledge; many of theſe may be ſeen at 


one and the ſame inſtant of time, when 


they are in the zenith of ſo many diffe- 


rent places upon the earth, and then im- 


mediately afterwards remove from that 
deſignation, to give place for a OY” num 


ber of others. 


of the celeſtial correſ abuts: 


285. The knowledge of the celeſtial cor- | 
reſpondents diſcovers a new ſyſtem of aſtro- 
nomical geography. The perfect agreement 


between the celeſtial and terreſtrial ſpheres 


conſtitutes this ſyſtem; which may with very 
little trouble be underſtood, by making the 
ſtudy of one a guide to the knowledge of the 

other; 
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other ; ; the object of this correſpondence is 
the continual variation between the parts of 
the celeſtial and terreſtrial ſpheres. 


Geography alone being eaſier than aſtro- 


nomy, has generally a particular place in 
the education of young ſtudents, who ſel- 


dom leave their juvenile ſtudies without 
gaining ſome idea of the four quarters of the 


world, a flight notion of the fituation of 
places with reſpect to each other, and a 
{ſketch of the principal empires; but gene- 
rally without any application to the ter- 
reſtrial, and ſcarce ever a compariſon of 
that with the celeſtial globe; and without 
feeling a lively curioſity to become acquaint- 
ed with theſe neceſſary and 8 
branches of ſcience. 

To facilitate the ſtudy of geography, it 
has always been neceſſary to lay maps and 
charts before a pupil, which are generally 
ſeparate plans of different countries. But 
what idea do theſe afford of the vaſt extent 
of the earth, of its ſpherical form, or of 
the proportionable diſtances, real bearings, 
&c. of the empires, kingdoms, and ſtates, 
on the habitable part of our terreſtrial 
globe? 
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How much more intelligible and juſt are 

the proportionable diſtances of the fixed 
ſtars, when compared with the natural diſ- 
tances of the ſeveral places upon the earth, 
over which they dart their perpendicular 
rays; thereby conſtituting this new ſyſtem 
of aſtronomical geography, by ocular de- 
monſtration ? They are faithful teſtimonies 
of the vaſt extent of the univerſe, and they 
declare the diſtance, bearing, and ſituation 
of all places upon the earth. 

By theſe means, together with the aſſiſt- 
ance of maps and charts, ſuch a copious 
and clear idea of geography will be attained, 
and its natural principles ſo firmly eſtabliſh- 
ed, as never to be eraſed. 

The conſequences to be drawn from 
theſe principles are entirely in favour of the 
harmony between the celeſtial and terreſtrial 

ſpheres. | 


Of the paſſage or tranſit of the firſt 


point of Aries over the meridian. 


286, This point determines the apparent- 
daily motion of the heavens, and fixes the | 
continual difference in the courſe of the ſun | 
and ſtars. | 


The 
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The knowledge of that particular point 
on the terreſtrial equator, where its inter- 
ſection with the celeſtial ecliptic happens 
to fall at the time of a vernal equinox, 
points out that place upon the earth to which 
the ſun is vertical at that time; and from 
the knowledge of this we obtain the time of 
its paſſage over any meridian upon the globe, 
for every day of the year. 

The conformity of the degrees of right 
aſcenſion, with thoſe of terreſtrial longitude, 
happens but upon one moment of the 24 
hours, in a natural day; when the firſt point 
of Aries is on the meridian of London, 
the firſt degree of right aſcenſion is on this 
meridian alſo; and the fignal to confirm 
this is, when a ſtar of the ſecond magnitude 
marked y near the extremity of the wing 
of Pegaſus, is upon the meridian ; at that 
inſtant, the equinoctial colure will be upon 
the meridian alſo; for this colure paſſes 
through the firſt point of Aries and that 
ſtar. 

This is the moment, in which each of 
the 360 degrees of right aſcenſion in the 
celeſtial ſphere, is perpendicular to every 
like degree of terreſtrial longitude ; at which 


14 time. 


a the; 5 * 1. * * A 2 1 »» 1 
n r ee A] yo TERED nnn 


8 4 "4 - 
n 
Nee Mort: oe 8 
A Wd OR" * 2 TER” r 


85 : L 8 2 
2 * Nn WS. 


2 
1 
1 
1 
Er 
„ 
b Fe 
1 
9 
= 
= 
"4 . 
+ 
We 
- = 
Eo 
v3 ": 
Wo 
: 
bt: 
= 
-— = 
7 
L * 
wo 1 
> 
"<0 
Fr. 
"Fl 
48 
3 


214 Deſcription and UG File 


time there is a perfect paralleliſm and . 
pendicular correſpondence of all the circles, 
points, and lines, in both ſpheres. | 

To this we have paid a particular regard, 
In the conſtruction of our new globes, by 
numbering the degrees on the equator of 
the terreſtrial globe, with an upper row of 
figures in the ſame direction, as thoſe of 
he aſcenſion are numbered upon the CC 
leſtial globe. | 

If from that inſtant of time, when the 
ſtar y of Pegaſus is upon the meridian, we 
conceive the ſtars to be immoveable, and 
that we, together with the globe of the 
earth, are turned from weſt to eaſt upon the 
equatorial axis, we ſhall perceive our own 
- meridian to paſs ſucceflively under every de- 
oree and ſtar on the celeſtial equator. 

287. And that the reader may thoroughly 
underſtand what! is meant by this uniformity 
in the two ſpheres, let him imagine the ce- 
leſtial globe to be delineated upon glaſs, or 
any other tranſparent matter, which ſhall 
inveſt or ſurround the terreſtrial globe, 
but in ſuch a manner, that either may 
be turned about upon the poles of the 
world, whilſt | the other remains fixed,; 

and 
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and ſuppoſe the firſt point of Aries, on the 
inveſting globe, to be placed upon the 
firſt point of Aries on the terreſtrial globe, 
(which point is in the meridian of London) 
they will then repreſent that fituation of the 
heavens and the earth, we have been juſt 
deſcribing, on that inſtant, when the firſt 
point of Aries is upon the meridian; and 
then every ſtar on the celeſtial will lie upon 
every particular place of the terreſtrial globe, 
to which it is a correſpondent ; each ſtar will 
then have the degree of its right aſcenſion 
directly upon the correſponding degree of 
terreſtrial longitude ; their declination will 
alſo be the fame with the latitude of thoſe 
places upon which they lie. 

Now if the reader conceives the celeſtial 
inveſting globe to be fixed, and the ter- 
reſtrial globe to be gradually turned from 
weſt to eaſt, he will readily underſtand, as 
the meridian of London paſſes from one 
degree to another under the inveſting ſphere, 
that every ſtar thereon becomes a corre- 
ſpondent to another place upon the earth; 
and fo on, until the earth has compleated 
one diurnal revolation, or till all the ſtars, by 
their apparent daily motion, have paſſed over 

BY on every 
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every meridian of the terreſtrial globe. 
Hence ariſes an amazing variety in the 
harmony of both ſpheres. 
If the ſun and a ſtar paſs the meridian 
on any particular day, the next day the 
ſtar will precede the ſun about 4 minutes; 
in two days the acceleration of the ſtar with 
reſpect to the ſun will be about 8 minutes, 
in 4 days 16 minutes, in 8 days 32 mi- 
nutes, and in fifteen days the apparent 
motion of the ſtar will be accelerated one 
hour, whilſt the ſun, with reſpect to the 
ſtar, will ſeem to be retarded one hour; in 
one month the ſtar will be two hours before 
the ſun, in three months ſix hours, in ſix 
months twelve hours, and in one year twenty 
four hours. | 
So that a year after the ſun and ſtar have 
croſſed the meridian together, they will meet 
again nearly at the ſame time; but the ſtar, 
inſtead of ſeeming to make 365 revolutions, 
will have made 366, one more than the 
earth to the ſun in a year. 
The right aſcenfion of the firſt point of 
Aries, is the complement of the ſun's right 
aſcenſion to 360 degrees of the equator, or 
to the 24 hours of a natural day: this is the 


point 
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point, from which the rizht aſcenſion of the 
ſun, ſtars, and planets, is always reckoned. 


Inc reader wiil pleaſe to obſerve, that 


in 11.7 204 ſummer, the firſt degree of 
rigbt ion, which is the firſt. point of 
Arie comes to the nieridian with us before 
no ee are no ſtars then viſible in the 


71; V which follow the firſt point 


of Libra; that is to fay, thoſe ſtars which 
þ:ve 180 degrees of right aſcen- 
fi. n: in 9 1 and winter thoſe ſtars are 
vilible 1 the night, which follow the firſt 
point of ARE, having leſs than 180 degrees 
of right aſcenſion. 
Oblerve alſo, that the interval between 
the paſſage of the firſt point of Aries over 
the meridian of any place, and that of the 
firſt point of Libra over the ſame meridian, 
is not 12 complete hours, but only 11 
hours 58 minutes, to which attention muſt 
be paid, leſt theſe two minutes ſhould be 
miſtaken. 

By the paſſage of the ſtars over the 
meridian, we are taught the knowledge of 
thoſe degr ees of the equator, which are then 
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| ſetting precedes that on the meridian go de- 


grees, or ſix hours; and 180 degrees, or 
twelve hours that which is rifing ; and that 


degree of the equator, which is on the me- 


ridian under the elevated pole, is 180 de- 
grees diſtant from that point of it which is 


| ks * the meridian. 


PROBLEM XLVI.. 


To find the time of the right aſcen- 
ſion of the firſt point of Aricy 
upon any meridian. 


288. We have ahead ſhewn by an eaſy 
calculus, how to find the times of equinox 


to any meridian ; but we have not yet ſhewn 


their application to the right aſcenſion of the 
firſt point of Aries. 

The diurnal difference of right aſcenſion, 
at the time of a vernal equinox, is 3 min, 
38 ſec. which we have formed into a table, 
entitled, The horary difference in the 
* motion of the firſt point of Aries at the 
© time of a vernal equinox; to which is 


annexed, «A table of the difference of the 


ce Fabse 
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s paſſage of the firſt point of Aries over the 
* mcridian for every day in the year, 


The uſe of the tables of right 
aſcenſion. 


289. Haring found the time of any ver- 
nal equinox, and transferred it from the 
fixed to your own meridian by the og 
of your meridian diſtance, 

Take out of the table of horary diffe- 

rences, the motion anſwering to the hours 
and minutes of the time of the vernal equi- 
nox, and their ſum will be the time of the 
paſſage of the firſt point of Aries over that 
meridian ; the day on which, but before, 
the equinoctial interſection happens. 
N. B. In taking out the numbers from 
this table, reject the thirds, if they are under 
thirty; if they exceed thirty, add one to the 
minutes found in the table. | 

A. D. 1769, the vernal equinox * on 
March 19, 19 h. 37 min. 


min. ſec. 
hours 19 2 53 
minutes 1 


Right aſcenſion of O, up-. 
on the equinoctial day 4 59 paſt noon, 


A. D. 
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AD. 1 770, the ſun entered Aries, 
| March 20, 1h. 26 min. 


h min. ſec. 
hours 1 0 9 
minutes 26 0 4 


: Right TT 0 of Y © on 


the equinoctial day, at to 13 paſt 1 8 


A. D. 1771, the vernal ee fell on 
March 20, 7 h. 15 min. 


min. ſec. 
hours 7 1 4 
minutes 1 15 9 
Right aſcenſion of Y O on? 


the equinoctial day, at 3 6 paſt noon. 


. A. D. 1772, the ſun entered Aries, 


March 19, 13 h. 4 min. 


min. ſec. 
hours . 1 . 
minutes 4 © 1 


1 59. 


The right aſcenfion of the firſt point of 
Aries, thus found for the day on which the 
equinox happens, holds good. for the whole 
year, and is to be added to the difference 
of the paſſage of the firſt point of Aries 
qver the meridian ſound 9 the day of 

the 
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| the month; and their ſum will be the time 
of day when the firſt point of Aries will 
paſs the meridian. 

Obſerve, when the equinox falls on the 
19th day of March in a year which is not 
biſſextile, to ſeek the day of the month in 
the right hand column of the table; and 
when it falls upon the 2oth day of March, 


ſeek the day of the month in the left hand 


column, apainſt which in either caſe, and 
under the name of the month, you - have 
the proper difference of. right aſcenſion to 
be added to that found above for the day. 
of the equinox. 

In biſſextile years, ſeek. the day of the 
month in the left hand column, to the end 


of February, and for the intercalary; day, or 


29th 'of February, take out the difference 


of right aſcenſion anſwering to the firſt of 


March, after which to the year's end ſeek 
the day of the month in the right hand 


column. 


Having thus FIERY the right aſcenſion of 


the firſt point of Aries for any day in the 


year, add thereto 11 h. 58 min. and you 
obtain the time of the right aſcenſion of the 


firſt point of Libra. 
EXAMPLE 
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ExXamMPePLE I. 
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AD. 1769, equinox March 19. 


h. min. 1. ſec. 
— MT 36-2 22. 2% 
„ 
N Right aſcenſion Y ©, 3 25 23 
Nov. 14, 8 36 t 
+: 0 
Right aſcenſion Y ©, 8 39 30 
Ex AM PI II. 
AD. 1770, equinox March 20. 
h. min. ſec. 
Feb, 25, 1 24 52 
e 
Right akcenſion T © wy 25 5 
Oct. 18, 10 26 36 
„ 
Right aſcenſion T ©, 10 26 49 


ExAUTLIE 


Celeſtial and Terreſtrial Globes. 22 3 


Ex AML E III. 


A. D. 1771, equinox March 20. 
Juan, 12, 4 :22 46 
1 06 


os PE, SE ES: hy. EY - 2 8 


Right aſcenſion O, 4 23 52 


December 16, 6 22 58 
* 1 3 


. 


Right aſcenſion Y ©, 6 24 Fg 


ExaMPLE IV. 


A. D. 1772, equinox March 19. 


Biſſextile year. h. min. ſec. 
February 28, 1 13 35 
1 39 


* 


8 Right aſcenſion Y ©, 1 15 34 


_ 


The intercalary day, Feb. 29, Dp 


Right aſcenſion  ©,. 1 11 49 


Right aſcenſion Y ©, x 8 6 


Auguſt 28, 13 28 17 
„ 


Right aſcenſion Y O, 1 3 38 30 
Theſe 
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Theſe four examples are quite ſufficient, 
if the reader compares ther with the tables 


and precepts, 


In the 42d and 43d 9 WER art. 260, 


261, we have ſhewn how to find the hour 


that any known ſtar comes to the meridian ; 


and alſo to find the time of the year any ſtar 


paſſes the meridian at any hour propoſed : 
but in that place we were not prepared to 
apply the right aſcenſion of the firſt point of 
Aries, ſo properly for an obſervation of the 
ſtars, as by the following. 


PROBLEM XLVIL _ 
To find the time of the right aſcen- 
ſion of any ſtar, upon any par- 
ticular meridian, on LM day in 
the Fen. 

290. Firſt find the time of the right 
aſcenſion of the firſt point of Aries, art. 288, 
by problem 47, agreeable to your own me- 
ridian, © 

Then apply to the celeſtial he. and 
bring the given ſtar under the graduated 
fide of the ſtrong braſs meridian, which will 

| cut 


Cele iel and Terre rial Globes: 225 | 1 


cuts its right aſcenſion, or rather its diſtance | * 
in time or degrees, upon the equinoctial; 
add this quantity expreſſed in time to the 
right aſcenſion of the firſt point of Aries, 1 
and you will obtain the time of the paſſage | 3 
of that ſtar over the meridian very neut the 
truth. Thus, 

The ſtar marked y in the head of Draco, i 
will have 268 degrees, or 17 h. 52 min. of 4 
right aſcenſion or diſtance from the firſt 
point of Aries, art. 276; which added to 
the right aſcenſion of that point for the 13th 
day of July, A.D. 1772, gives the true time 
of its right aſcenſion that evening: at 10 h. 
12 min. this ſtar was over the heads of the 
inhabitants of London at that time, its decli- 
nation being 51 deg. 32 mih. equal to the 
latitude of this capital city. 

Note, In this method of working, when 
the hours exceed 24, deduct 24 hours there- 
from, and you obtain the true time ſought. 
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PROBLEM XLIX. 


To rectify the celeſtial globe for any 


time in the evening .of any day 
in the year, by the knowledge 
of the time when the firſt point 
of Aries ſhall paſs the meridian 


that day. 


291. As the degrees and hours upon the 


| equincctial line on our new globes, are num- 
bered from the firſt point of Aries, 
Firſt find the right aſcenſion of that point 
by problem 47, art. 288, for the given day, 
and rectify the globe to your latitude, art. 189. 
then bring the firſt point of Aries upon the 
globe, under the graduated ſide of the ſtrong 
braſs meridian, and ſet the horary index to 
the hour and minute of the paſſage of Aries 
o, firſt found: turn the globe until the given 
hour is under the horary index, and place it 
due north and ſouth by the mariner's com- 
paſs, attending to the variation of the needle, 
and you will have a perfect repreſentation 
of the ſtarry firmament, not only for that 


infant, but as "TP: as os pleaſe to apply 
yourſelf 
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yourſelf to the knowledge: of the ſtars that 
evening, by- only moving the globe to any 
other minute under the n index as the 
time advances. 

Thus on the 25th of Pohang, A.D: 
1779, about 46 minutes after V in the 
evening, the ſtar called Al-debaran, or the 
Bull's-eye, was upon the meridian of Lon- 
don, or places adjacent ; about VI o'clock 
that evening, Orion began to paſs the me- 
ridian, and preſented a glorious view to 
the eyes of the obſerver, there being ſo 
many eminent ſtars in that conſtellation, 
then ſucceſſively paſſing over the meridiari 
until 4 paſt VII; all the ſtars in Auriga, 


or une Charioteer, paſſed the meridian at 


the ſame time; after which Canis Major 
ſucceeded with Syrius, the Dog-ſtar, at the 
fide of his jaw ; then Canis Minor and Ge- 


mini, or the Twins, followed, and fo on for 


the remainder of the night. This appear- 
ance. was obſerved ſeveral months, but at 


different hours of the night, which a 
found by this problem. 


Alſo on the 8th of May i in the ſame year; a 


the firſt point of Aries paſſed our meridian 
at 20 h. 58 min. 29 ſec; but if we reckon 


22 the 
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the hours from midnight, at 58 minutes 
paſt. VIII in the morning, at which time no 
ſtars can be ſeen; therefore we muſt have 
recourſe to the right aſcenſion of the firſt 
point of Libra, which is thus obtained: 


h. min, ſec, - 


To the right aſcenſion of the 1 
firſt point of Arne; 1 55 BY 
add 58 o 
32 * 29 
When the hours 8 24, 3 
ſubſtract therefrom 87 | 


8 56 29 in the 


fir ſt point of Libr as A. D. evening. 


The right aſcenſion of the 
1770, May 8th, at 1 


Now in the precept to this problem, read 


Libra inſtead of the word Aries, and the 


rule will hold good in this as well as in the 
firſt caſe. Therefore, 

Bring the firſt point of Libra to the gra- 
duated ſide of the ſtrong braſs meridian, and 
ſet the horary index to 56 minutes paſt VIII 


in the evening, turn the globe until the ho- 


rary index points to 10 minutes paſt X 
o'clock, and you will find the ſtar called 
Spica Virginis, being that in the ear of corn 


ſhe holds in her hand, a ſtar of the firſt 


magnitude marked a, upon the meridian at 
that 


2 
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that time. If you then look at the firma- 
ment, you will ſee the conſtellations Cancer, 
Leo minor, Leo major, the great Bear, with 


the head and wings of Virgo, on the weſtern 


fide of the meridian ; and on the eaſtern fide 


thereof, the Balance, Scorpio, Bootes, Her- 


cules, &c. ſucceſſively following the firſt 
point of Libra in their paſſage over the 
meridian. 


The correſpondence of the fixed 


ſtars. 


292. Before we attempt an obſervation of 


this kind, a ſignal or warning ſtar muſt be 


firſt obtained; that is, ſuch a ſtar is to be 
ſought, as ſhall have the fame or nearly the 
fame quantity, either in degrees or time of 
right aſcenſion, reckoned from the firſt point 
of Aries, as the place, over which any. other 
ſtar ſhall then happen to be a correſpondent, 
ſhall have of longitude, reckoned eaſtward 
of London. 

It has been ſhewn, that deckte in the 
celeſtial, and latitude on the terreſtrial globe, 
mean one and the ſame thing, both being 


meaſured by their diſtance from the equator; 
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thereto; turn the globe from eaſt to welt, 
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conſequently, if the declination of any ftar 


is equal to the latitude of any place, that 


ſtar, by a line conceived to be drawn from 
it to the center of the earth, will deſcribe the 


parallel of that place; whence it becomes 


a correſpondent, not only to that particular 


place, but alſo to all thoſe places which lie 
in the ſame parallel of latitude, by pafling 


perpendicularly oyer them all once every 24. 
hours. But as a preparation, we muſt firſt 
ſhew, by the following problems, how to 
find thoſe places to which any ſtar is a cor- 
reſpondent, and thoſe ſtars which are cor- 
reſpondents to any place. 


PROBLEM. To 


To find all thoſe places to EAT 


any ſtar 1 is a correſpondent. 


293. Firſt find the declination of the ſtar 
on the celeſtial globe by problem V. art. 55. 
and remember whether it be north or ſouth ; 
count the ſame number of degrees upon the 
ſtrong braſs meridian of the terreſtrial globe 
the ſame way from the equator, - and note 
the place by holding the edge of a card 


and 


* 
mY * 
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and all thoſe places 'which paſs under that 
point, will be correſpondents to that. ſtar, 
becauſe they will be in the line paſſing from 
the center of the earth through the very 
place upon its ſurface, to which the 5 18 
at that time vertical. Thus, | 
The declination of the ſtar marked , in 
the head of Draco, is 51 deg. 32 min. equal 
to the latitude of 1 W this 
brilliant ſtar of the ſecond magnitude may 


be called the ſtar of this metropolis, without 


being deprived of its own name; it may 
likewiſe take the name of any other place 
in the parallel of London. 


The reverſe of this problem being to 


find all the ſtars which are correſpondents 
to any place, is ſo eaſy as to require no far- 
ther explication, than that of applying firſt 
to the terreſtrial globe. 

The apparent diurnal motion of one far 
only, will ſucceſſively ſhew its perpendicula- 
rity to various countries, as will appear by 


Q4 A genes! 
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A general deſcription of the paſſage 


of the ſtar marked in the head 


of the conſtellation Draco, over 
the parallel of London. 


294. This eminent ſtar traces the parallel 


of London, and is a ſtar of perpetual appa- 


rition to the inhabitants of the Britannic 
Iſles; it comes upon the meridian of London 
with the 268th degree of right aſcenſion, 
and is at that time directly perpendicular to, 
or over the heads of, the people in this city, 


two minutes of an hour after its warning- 


ſtar, marked k, in the milky way, has cog 
the meridian. | 

Nate, This ſtar marked k 1s the . 
moſt of a group of five ſtars, ſituated be- 
tween the ſhoulder of Serpentarius and So- 


bieſki's ſhield, which in the firmament ap- 


pear in the form of a Roman V, as may be 
ſeen upon the globe. No 
The declination of our correſpondent ſtar 


7 in the head of Draco, is 51 deg. 32 min. 


equal to the latitude of London ; with which 


apply to the terreſtrial globe, and bring 
London to the . ſide of the ſtrong 


braſs 
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braſs meridian, and ſet the edge of a card 
thereto, holding it to the braſs meridian 
with your right hand, while you gradually 
turn the globe from weſt to eaſt with the 


other hand, and that point of the card which 


js upon the globe will then repreſent the 
interſection of that line upon the ſurface of 
the earth, which we have ſuppoſed to pafs 
from the center of the earth to the ſtar; and 
as this point, though at reſt, paſſes over the 
parallel of London upon the globe, ſo does 
the central ray, proceeding from the ſtar, 
really paſs over every point of land, and ſea, 
upon that part of the earth which is circum- 
ſcribed by the parallel of London. 

Thus you will fee the ſtar marked y, in 
the head of Draco, paſs from London over 
the road to Briſtol, and dart its perpendi- 
cular rays upon that city; then croſſing the 


ſea, it reaches kreland between Kinſale and 


Cork ; and leaving that kingdom, will ſhine 
over the Atlantic Ocean, until it is perpen- 
dicular to the north cape of Newfoundland; 
whence it will be vertical to Eſkimos, and 
paſs between lake Achona and the northern 
coaſt of the gulph of St. Lawrence ; then 
it will croſs St. James's Bay, Kriſtino, &c. 

and 


» ©} 


_ 
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and paſs weſtward over a vaſt ſpace of nd 
but little known to the Europeans ; thence 
it will leave the weſtern coaſt of North Ame- 
rica, to ſhine upon the northern part of the 
Pacific Ocean, until it is perpendicular to 
ſeveral iſlands, one of which is called St. 
Abraham; it croſſes the ſouthern land of 
Kamkatſka, and the ifland Sangalien; 
thence it becomes perpendicular to the con- 
tinent near Telmen on the eaſt ſide of 
Mongales in Chineſe Tartary, and ſo pro- 
ceeds to caſt its perpendicular rays over a 
vaſt country in Aſia, being fometimes a 
zenith point to the Chineſe, at other times 
to the Ruffian Tartars; and paſſing over 


Bielgorod. becomes vertical to Muſcovy, 
Poland, Germany and Zeland, and ſo croſſes 


the ſea again to return to its perpendicu- 
larity over the city of London: all which is 
performed by the earth's diurnal motion in 
ſo ſhort a time as twenty-three hours and 
fifty- ſix minutes. 

Wben a beginner has been thus exerciſed 
with the general paſſage of two or three 
principal ſtars over their correſpondent pa- 
rallels on different parts of the earth, his 
ideas will be ſo greatly improved, that maps 

5 e and 


Sa Pa 
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and charts may then be laid before him with 


propriety, in order to confirm him in the 
knowledge of the particular parts of thoſe 


very parallels, of which he has already at- 
tained a general idea upon the globe, 


PROBLEM LI. 


To find a ſignal, or warning ſtar, 
that ſhall be upon or near the 
meridian of an obſerver, at the 
time any known ſtar is perpen- 
dicular to any place on its cor- 
reſponding parallel. 

295. Bring the given place to the gra- 


duated fide of the ſtrong braſs meridian on 
the terreſtrial globe, and it will cut the de- 


grees of its longitude, reckoned eaſtward 


from London, upon the upper row of figures 
over the equator ; then 

Apply to the celeſtial globe, and ſet the 
given ſtar under the graduated ſide of the 
ſtrong braſs meridian, which will cut the de- 
gree of its right aſcenſion on the equinoctial. 
If the ſituation of the obſerver is welt 
of ae given Place, ſubtract the terreſtrial 


longitude 
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longitude from the right aſcenſion of the 


ſtar ; if eaſt, add the longitude, and move 
the celeſtial globe, till the ſum or reſidue 


thereof is under the graduated ſide of the 
ſtrong braſs meridian, and then that ſide 


will be directly over thoſe ſtars which are 
upon, or have juſt paſſed, or are not quite 
come up, to the obſerver's meridian, at the 
moment the given ſtar is vertical to the place 
propoſed ; either of which will correctly 
anſwer the preſent purpoſe, and become the 
fignal or warning ſtar; that upon its arrival 
on the meridian, will declare the given ſtar 
to be vertical to the place aſſigned. 

Thus Jet the obſerver be in or near Lon- 
don, and the bright ſtar in Lyra, or the harp 
of the firſt magnitude be given, it is com- 
monly called Vega, but it ſhould be Waki, 
in the Arabic Neſr Waki, ſignifies the ſtoop- 
ing or falling Vulture, and marked «: this 
ſtar is correſpondent to the ſouth-weſt cape of 
the ifland of Sardinia in the Mediterranean. 

The longitude of this cape from London 
is 9 degrees, and the right aſcenſion of the 
ſtar Waki is 277 degrees, as London is 
weſt of Sardinia; 9 degrees ſubtracted from 
977 ch leaves 268 degrees of right 

aſcenſion, 


« 
- nds am poo TREES 


ſet, the graduated fide of the ſtrong braſs 
meridian will be found directly over the ſtar 
y in Draco, and alſo over a ſtar of the fourth 
magnitude in one of the heads of Cerberus. 


Theſe are eminent ſignals, and both upon the 


meridian, when at the ſame time the ſtar 
marked 9, in the knee of Hercules, will have 
paſſed the meridian about two minutes of an 


hour, and the ſtar marked P, of the fourth 


magnitude in the milky way, will want about 
two minutes of an hour of coming to it. 


Hence when the ſtar marked , in the 


head of Draco, ſends forth its perpendicular 
rays upon the city of London, the ſtar Waki 
in Lyra will alſo be perpendicular to the 
S. W. cape of the iſland of Sardinia, At 
which time an obſerver at London will be 
ſenſible of the diſtance between the zenith of 
the two places, and may note the bearing of 
Sardinia from London upon his ſenſible ho- 
rizon, to which he may refer at any time in 
the day. An obſerver at Sardinia may note 
the ſame with reſpect to the diſtance 1 
bearing of London from him. 


To excite ſtudents who have an aſpiring 


emulation to improve themſelves i in this ex- 
tenſive 
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aſcen ſion, to which the celeſtial globe being 
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tenſiwe ſcience of geography and aſtronomy, 
the principal requiſites whereby they may 
acquire univerſal knowledge, we ſhall pro- 
ceed to illuſtrate this ſyſtem of the natural 
agreement between the celeſtial and ter- 
reſtrial ſpheres, oy a few nen 8 ex- 
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EXAMPLE. * 


When the ſtar marked: 5„ in le 
head of Draco, is perpendicular 
to the city of London, the twelve 

following ſtars may be ſeen from 

thence at the ſame time, when 
| they will alſo be perpendicular to 
as many places upon the earth. 


296. The ſignal or warning ſtar is 5 in 
the head of Draco, which comes upon the 
meridian with the 268th degree of right 
aſcenſion; it will be vertical to the city of 
London two minutes of time, after the ſtar 
marked k, in the milky way near the equi- 
nox, has paſſed the meridian, at which time 
the twelve following ſtars will be vertical to 
the ** they ſtand againſt. 3 
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The uſe of a warning ſtar is to point out 
the true time of the phenomenon, which 
is to be firſt nearly found by obtaining the 
time of the right aſcenſion of that ſtar for 
the evening, on which the obſervation i is 
intended to be made. 

This table of correſpondents was Formed 
as follows : 1 

The right aſcenſion and declination of 
the dann was found in wound numbers upon 
the celeſtial globe, and written in two co- 
lumns, inclofing the names of the ſtars; 
the columns for the names of the corre- 
fpondent places being left blank for their 


Inſertion afterwards : : 


Next, as the longitude on our new ter- 
reſtrial globes is numbered both ways from 
the meridian of London, whatever the right 
aſcenſion of the ſignal ſtar may happen to 
be, that point of the celeſtial ſphere is like- 
wiſe conſidered to be upon the meridian of 


London. Therefore, 


To gain the longitude in the laſt column 


of the table, if the given ſtars were eaſt of 
the ſignal, the right aſcenſion of the warn- 
ing ſtar was ſubtracted from the * aſcen- 


ſion of the given ſtar. 
But 
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But the weſt longitude was obtained by 


ſubtracting the right aſcenſion of the given 


ſtars from that of the ſignal, 
The reverſe of this example is to find, 


what ſtars will be perpendicular to any place 
upon the earth, a warning ſtar being known, 


that ſhall be upon the meridian of an ob- 
ſerver, when the ſtars to be ſought ſhall be 
vertical to the places aſſigned, which the 
reader will eaſily perform from what has 
been already ſaid; 

When a ſtar is known to be pen 
cular to any aſſigned place, its correſpon- 
dence to that terreſtrial point may be equally 
affirmed, to all thoſe who can ſee it at that 
inſtant from any part of the earth, or ſea, 
they may then happen to be upon. 

If an obſerver in Palmyra, another in the 
middle of the Mogul's empire, a third at 
Levata in Africa, end 4 a fourth at Chapa in 
Mexico, ſhould look at the ſtar y, in the 
head of Draco, the moment it is in the ze- 
nith of London, they will ſee its correſpon- 
dence to that metropolis at one and the ſame 
inſtant of time; their hour only will be dif- 

ferent according to the difference of the 
. meridians, as thoſe places ate fituated either 
caſt or weſt from London, 
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The ſignal or warning ſtar to each of 
theſe places, is the perpendicularity of that 
ſtar expreſſed. in the preceding catalogue of 


twelve ſtars. 


From the obſervation under either of theſe 
ſtars in the catalogue, may be ſeen the other 
twelve ſtars, when they are ſhining over the 
heads of the inhabitants of all the other 
countries therein named. | 

This conſtitutes the ſyſtem of aftronomi- 
cal geography before ſpoken of. It affords 
us a real aſſiſtance from the heavens, where- 
by we not only fee the marvellous diſtances 
of a multitude of celeſtial bodies, compoſing 
that part of the univerſe which we are per- 
mitted to behold ; but it alſo enables us to 
comprehend the diſtances and bearings of 
the moſt remote countries from that point 
of the earth upon which we ſtand, 


Ex AMG LE II. 

297. When the bright ſtar marked g, in 
the head of Caſtor, is upon the meridian of 
London with the 110th degree of right aſ- 
cenſion, the twelve following correſpondents 
will be vertical to the places annexed. 


Weſtward, 


Celeftial and Terreſtrial. Globes. 


= Weſtward. 


243 


Girdle of Andro- ö 


meda, Mizar 


Caſſiopea's thigh 


Andromeda 


Shoulder of Perſeus 


Almaak, foot of g 


Algenib, Perſeus's 


fide 
Rigel, Orion' s foot 


and 
Lat. 


N 


Decl. 


B [34Kichuans, Louiſiana 
459 P. Walesfort, 0 


y [41 


» [5 2 Eſkimos between 


& [49,Cape Riſher, G 


Hudſon's Bay 
Twightees, S. of 
Lake Michigaa 


L. Otter and L. 
Pitetibi, North- 
America 


9,Sca and Coaſt of 


Lon, 


St. Lawrence ; 
| Olinda bs 


Eaſt ward. 


192 


| 


Great Bear's foot 


Corner of the 


Hydra's heart 


Lyon's mouth c 
Regulus, Lyon's c 
heart 
Third in the SQ, 
Great Bear C 
N. wing of Virgo; 
Vindematrix 


: x 45 
«| 83 


Pecl. 
and 


Lat. 


1 


& [13 


Middle of Hungary 


Ab rica 


Nahaſſa, in Egypt 


Aby ſſin ia, Africa 
Oſtiakls, S. W. part 


Eaſt, 


Kingdom Maſſey, { 


of .Sibethn << k 


Sea 2® E. of N | 
| dicherry 


Lon. 


82 
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Theſe ſtars are viſible in the months of 
January, February, and March. | 
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ExXAMPLE III. 


298. When the bright ſtar marked « in 


the ear of corn, which the Virgin holds in 
her hand, called Spica Virginis, 1s upon the 


' meridian of London with 198 degrees of 
right aſcenſion, the following twelve ſtars 


will be vertical to the ſeveral places in the 
following table. 


Weſtward. 
— _——F 
Aſc. 1 Lon. 
| at 
Firſt ſtar nike foot! Iſles of Tres Ma- | 
1 7 of Caſtor 1222 rias, New Spain 25755 | 
| 113]Head of Pollux pi2g [Sea near C. — 8 
| | condid, Florida 2 | 
139|Hydra's heart «| 72 Vamari, a branch 
= | of the Amazo-| 61 
nian River = 
149 Regulus Lyon's Sea 12* E. of the | 
heart *13 | Antilles 49 
1 175 Lyon's tail, Alaſad 2 16 [Near Bonaviſta, 23 | 
F C. Verd Ifles : 
{ 191[Firſt in tail Great 2 Iſles of . 
| _Bear, Alioth . 57 Scotland 7 


— »„—— * — —_— 


Eaſtward, 


9 


aſc 
lig 
ſta 
Ea 
tw 
ne? 


Celeftial and Terreſtrial Globes. 


Eaſtward. 


245 f 


Nigt. 


Aſc. 
212 
243 

249 


277 
290 


29 


Atair, in the Eagle 


N. Hand of Bootes 
Scorpion's heart 
In the Back 1 


Hercules 

Vega, in Lyra 
Albiero,theSwan's 
beak 


a W A * 


. 


Decl. 


and 


Lat. 


3 


15208. of Berlin, in 


Pruſſia 


dag aſcar 


4 2608. Coaſt of N | 
391S. Ea of the TY 


pian Sea 


39 [Coten, in Tartary 
28 Toudſang, in Thi. 


bet major 


Coaſt of Ma- 
| lacca 


Eaſtern Sea, 9 


This phenomenon may be ſeen in the 


months of April, May, and June, 


EXAMPLE EV. 


299. When the 289th degree of * 


aſcenſion is upon the meridian of Tonka. 
ſignified by one minute of an hour after the 
ſtar marked à in the ſouthern wing of the 
Eagle has paſſed the meridian, then the 


twelve following places will have the an- 
nexed ſtars in the zenith. 
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| Weſtwa: d. 
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Weſtward. 
or. [Decl. Welz 
Aſc. and Lon. 
| : Lat. [ 
Ae SF x of arent, Cake © 
219 A e Scale of 7 bh Collao, in Peru 70 
Libra | ET | 
226 Northern Scale of 868 Amazonia, America] 63 
Libra | ; 
236 A ſtar in Scorpio [mT z5 Paraguay, America | 53 
| 240 Hand of Serpentarius| 3 | 3|N. W. part of Brazil 49 
$ 267 Knee of Hercules |6 [37]N. of St. Michael ( 
| « 85 22 
| | | | in the Azores 2 
Eaſtward. 
[Rigt. Decl, 7 5 Eat 
[Aſc. i | and iLon. 
| Lat. | | 
321]Side of Cepheus 2 79 Fro, Sea near Iſle. 32 
| | Wardus, Laponia s 
ſ 328jShoulder of Aquarius| & | 1]Between Sio and | 
1 Ampaia, Zan- $| 39. 
. | guebar | 
| 331|Firſt in the _— : j56[Ruſſia, 4% E. of l 42 
| of Cepheus | Moſcow | 
y 343]Markab in Pegaſus | & 47 Sea-Coaſt in Per- | «4 
| ſian Gulph 
{ 259|Andromeda's head | 5 45 Tala, Mogul'sempire 70 
| 360A ſtar in Pegaſus | > [14/Sea near Iſle Lak- : 
3 8 | dinas 5 90 


Theſe ſtars may be obſerved in the months 


pf July, Auguſt, and September. 


| 


EXAMPLE 


zoo. When the ſtar marked 9 in the fide 
of the Whale is upon the meridian of Lon- 
don, with 18 degrees of right afcenfion, the 
twelve following ſtars will be in the zenith 
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E XA M . 


of the annexed places. 


Weſtward. 


Rigt. 
Aſc. 


308 


331 
341 


324 


290 The Swan's beak 


wing 

Deneb, in the 
Swan's rum 
Side of Cepheus 


Head of Cepheus 


Fomahaut, mouth 


294 ʃFirſt in the Swan's 5 5 44 


g 


and 
Lat. 
B 28 


& 44 
S170 


656 


| 


* |3 


Decl. 


2 


8. Miſſiſippi 


Canada 
New England 


Baffin's Bay 
brador 


Gulph Mexico, 30 
Lake Michigan, 


Cumberland near 


Middle of the At- 


{ 
ö 


N. Sea, E. of La- 


8 
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of Piſces Notius 


lantic Ocean 
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Eaſtward. 
[Rigt., FEE ee. LY Eat! 
{Aſc. and N Lon. 
| Lat. 5 5 
127 Almaak, foot. of |, ; {Sea coaſt of Sardinial 9 
Andromeda c » [4 


| 43 . mee £1 Hy: Bake, Africa 25 


mouth 
53 The Pleiades 3 Frontiers of Egypt? 
| | 1 and Nubia c 
9s North foot of Pollux y |15|Golconda, Aſia 78 
112 Procyon, 1.ttle Dog | & | 6jSea 1 N. W. A- ! 
| | chem, Sumatra 


The ſtars in this example may be ſeen 
in the months of October, . and 
1 


PROBLEM LI. 
The phenomena of the harveſt- 


moon A 


301, When the moon is at or near the 
full, about the time of an autumnal equinox, 
: ſhe riſes nearly at the ſame hour for ſeveral 
nights together: this phenomenon 1 is called 
the harveſt-moon. 

To account for this upon the celeſtial 


globe, ſet the artificial ſun upon the firſt 


point 


42 Shoulder of Perſeus 75 2 Briſac Luthania 24 


"YI 


© — — wonh 


- ak, 
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point of Libra, where the ſun muſt neceſ- 
farily be at every autumnal equinox, and 
place the artificial moon upon the firſt point 


of Aries, where ſhe muſt be, if a full moon 


ſhould happen at that time. 

Rectify the globe to the poſition 1. a right 
ſphere, art. 214, which anſwers to the inf 
bitants of the equator ; bring the center of 
the artificial ſun to the weſtern edge of the 
broad paper circle, and the horary index in 


this caſe being the graduated edge of the 


ſtrong braſs meridian, will cut the time of 


the ſun's ſetting, and the moon's riſing ; 


hence it is obvious the moon will riſe when 
the ſun ſets, which will be at VI oclock, 
becauſe they are both ſuppoſed to be in 
the celeſtial equator, but -in oppoſite figns. 


Therefore on that day the ſame phœnome- 


non will happen in all latitudes between 
the equator and either pole. 

But as the moon's motion in her ol 
which we ſhall at preſent confider as coin- 
cident with the ecliptic, is about 13 deg. 
10 min. every day, which retards her diur- 
nal motion about 51 min. 56 ſec. of time 
with reſpect to the firſt point of Aries, this 
daily difference as it relates to the ſun is 

generally 
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generally reckoned at 48 minutes of time, 
or two minutes for every hour. 

Let us now enquire upon the globe, what 
time the moon will riſe the next night after 
the autumnal equinox, at which time the 
ſun will have advanced one degree in Libra, 
and the moon 13 deg. 10 min. in Aries, 
which is 12 degrees more than the ſun has 
done in the ſame time: therefore place the 
center of the artificial ſun upon the firſt de- 
gree of Libra, and the artificial moon on 
13 deg. 10 min. of Aries, the globe being 
rectified as before to the poſition of a right 
ſphere, bring the artificial ſun under the 
graduated ſide of the ſtrong braſs meridian, 
and ſet the horary index to XII, turn the 
globe until the artificial ſun coincides with 
the weſtern ſide of the broad paper circle, 


the horary index will ſhew he ſets that 


evening at VI oclock, and the globe being 
turned till the artificial moon coincides with 
the eaſtern ſide of the broad paper circle, 
the horary index will ſnew the moon's riſing 


that evening to be about 48 minutes paſt 
VI oclock, with 5 degrees of amplitude 
northerly, as ſhe is now entered into the 


northern half of the ecliptic, 
Now: 
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Now elevate the north pole of the globe 
to the latitude of London, every other rec- 
tification remaining the fame, and bring the 
artificial moon to the eaſt ſide of the horizon, 
and the horary index will point to 20 mi- 


nutes paſt VI, her time of riſing; and her 


amplitude at that time will be about 8 de- 
grees, three degrees more than at the * 
tor the ſame evening. 
If we thus inveſtigate the time of the 
moon's riſing for two or three nights together 
before and after the autumnal full moon, it 
will be found nearly the fame. | 
The reaſon is, that the full moons which 
happen at this time of the year, are aſcend- 
ing from the ſouthern into the northern 
figns of the zodiac: whence the moon de- 
ſcribes a parallel to the equator every night 
more northerly, which increaſes her rifing 
amplitudes conſiderably, and more fo as the 
latitude is greater, as in the preſent example; 
hence it is plain, that the nearer any celeſtial 
object 1s to either pole, the ſooner it aſcends 
the horizon. 
Every thing remaining as before, if we 


elevate the north pole of the globe to 665 


| degrees, which is the latitude of the northern 
Polar 
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polar circle, and bring the artificial moon to 


the caſt fide of the horizon, ſhe will be 


found to riſe about the ſame time that the 


ſun ſets the evening after the autumnal full 


moon, which is about VI oclock, at which 
time and place her amplitude will be about 
13 degrees. 


In this poſition of the globe, if the TY 
cial moon be removed 13 deg. 10 min. upon 
the ecliptic, which is her mean motion 
therein for one day, and fo on for fourteen. 


nights together, ſhe will be ſeen to riſe 
within the ſpace of one hour during. that 
time, which will be clear on obſerving that 
half the ecliptic riſes at once. 

It is remarkable, that when the moon 
yaries leaſt in the time. of her rifing, the. 


diurnal differences are greateſt at the times 


of her ſetting. 


What has been ſaid vith 3 to . 
latitudes is equally applicable to ſouth lati- 


tudes. 


In like manner the new moons in ſpring 
riſe nearly at the fame hour for ſeveral 


nights ſucceflively, while the full moons 


riſe later by a greater difference than at any. 
other time of the year, becauſe at this time. 


of 
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of the. year the new moons are in the 
aſcending, and the full moons in the de- 
ſcending ſigns. | 
This phœnomenon varies in different 
years: the moon's orbit being inclined to 
the ecliptic about 5 degrees, and the line of 
nodes continually moving retrograde, the 
inclination of her orbit to the equator will 
be greater ſometimes than at others, which 


prevents her haſtening to the northward, or 


deſcending ſouthward in each revolution 
with equal pace. 


PROBLEM LIL 


To find the time of the year in 


which a ſtar riſes or ſets coſmi- 
cally or achronically. 


302, The coſmical riſing and ſetting of a 
ſtar, is when a ſtar riſes with the ſun, or ſets 
at the time the ſun is riſing. 

The achronical riſing or ſetting of a ſtar, 
is when a ſtar riſes or ſets at the time the 
{un 1s ſetting. | 

Elevate the pole of the celeſtial ks to 


the latitude of the place, and bring the ſtar 
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to the eaſtern edge of the broad paper circle, 
and obſerve what degree of the ecliptic riſes 
with it, which ſeek in the kalendar on the 
broad paper circle, againſt which is the day of 
the month whereon that ſtar riſes coſmically. 
Turn the globe till the ſtar coincides with 
the weſtern edge of the horizon, and that | 
degree of the ecliptic which is cut by the 
eaſtern fide, gives the day of the month | 
when the ſtar ſets coſmically ; fo likewiſe x 
againſt the degree which ſets with the ſtar | 
you have the day of the month of its achro- | | 
nical ſetting ; and if you bring it to the | 
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eaſtern ſide of the horizon, that degree of ” 
| the ecliptic then cut by the weſtern fide of | 
the broad paper circle fought in the ka- ” 
lendar, will ſhew the day of the month 
| when the ſtar riſes achronically. . t 
4 | PROBLEM LIV. : 
1 | To find the time of the heliacal 
1 rifing and ſetting of a ſtar. 
4 F 8 
1 303. When a ſtar is firſt viſible in the 1 

morning, aſter having been ſo near the ſun 1 

as to be hid by the ſplendor of its rays, it is 1 


ſaid to riſe heliacally. 
Whey 
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When a ſtar is immerſed in the evening, 
or hid by the ſun's rays, it is ſaid to ſet 
heliacally. | 

Elevate the pole of the celeſtial globe to 
the latitude of the place, bring the ſtar to 
the eaſtern fide of the broad paper circle, 
fix the. quadrant of altitude to the zenith, 
and apply its graduated edge to the weſtern 
fide in ſuch a manner that its 12th degree 
above the horizon may cut the ecliptic, the 
point oppoſite to this will be 12 degrees 
below the broad paper circle on the eaſtern 
fide, and is the ſun's place in the ecliptic 

at the time a ſtar of the firſt magnitude riſes 
heliacally ; ſeek this point in the kalendar, 

or upon the ecliptic line on the globe, againſt 
which you will find the day of the year when 
that ſtar riſes heliacally. 

Io find the heliacal ſetting, bring the ſtar 
to the weſtern ſide of the horizon, and turn 
the quadrant of altitude on the eaftern ſide, 
till the 12th degree cuts the ecliptic ; its 
oppoſite point is the ſun's place, which. 
ſought either upon the kalendar or ecliptic 1 
line, gives the day of the year when the ſtar 
ſets heliacally. 
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Stars of the firſt magnitude, according to 


Ptolemy, riſe or ſet heliacally, when they 
are 12 degrees diſtant from the ſun : that is, 
when the tar is riſing, the ſun muſt be de- 
preſſed in the perpendicular below the ho- 
rizon 12 degrees, that the ſtar may be far 
enough from the ſun's rays to be ſeen before 
he riſes. | 2 

Stars of the ſecond magnitude require 
the ſun's depreſſion thirteen degrees, and 
thoſe of the third magnitude fourteen de- 
grees, &c. 


5 The manazil al kamer of the Arabian 


aſtronomers,* from Ulugh Beigh, 


publiſhed at Oxford in 1665. 


304. The manazil al kamer of the Ara- 
bian aſtronomers, are XXVIII ; they are fo 
called, i. e. the manſions of the moon, be- 
cauſe they obſerved the moon to be in or 
near one of theſe every night during her 
monthly courſe round the earth: they are 
theſe that follow, to which upon the globe 
the Arabian characters are affixed, but omitted 
here for the want of an Arabian type. 


| I. Al 
See the Rev, Mr. Coſtard's Hiſtory of Aſtronomy, p. 19. 
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I. A Sheratdn; theſe are the firſt and ſe- 
cond ſtars of Aries, or the ſtars in the 
Ram's horns, marked Þ and , with I, C, 
ſignifying the firſt manſion of the moon, 
which the reader will pleaſe to remember 
once for all. 


II. Botein, the ſtars in the Ram's belly ac- 


cording to Ulugh Beigh, by Bayer, and 


on our globe: and p. 
III. A. Thuraiya, the Pleiades, 
IV. A. Debardn, the Bull's eye. 


V. AMI Heb'a, the three ſtars 1 in the head of 
Orion. 


VI. Eur ab, the ſtar marked in the left 


foot of Pollux. 


VII. I Dira, the two bright ſtars, one in 
the head of Caſtor, the other in Pollux, 
marked ie, 


VIII. A Netbrab, the 1 or group of 
ſtars in Cancer, marked e, called by the 
Greeks Galm, i. e. Præſepe. 


IX. 4 Terphah, the Lion's eye, marked . 
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X. A Geb ha, the ſtar in the Lion's mane 
| marked 2. 


XI. Al Zub ab, 5 ſtars i in the Eioa's rump 
marked 0 and 0. 


XII. A. Serphab, the Lion's tail marked „ 
called Deneb al aſad. 


XIII. AI Awwa ; they are four ſtars in Virgo 
marked 9 07. 


XIV. Simdk al A'zal, the Virgin's ſpike, 
marked a. 


- 


XV. Al Gopte, Fe ſtars in the ſkirt of 
the robe of Virgo, marked Þ 1%. 


XVI. Al Zubana, that is Libra; the northern 
ſcale is called Zubanah Al Shemali, and 
1s the ſtar marked B; the ſouthern ſcale, 
marked a, is called Zubdnab al Genubi: 
Shemali ſignifies northern, and Genubi 
ſouthern; they are exactly miſcalled on 
the common en of modern conſtruc- 
tion. 


XVII. Al Ill; theſe are the four ſtars in 
Scorpio marked 8 N x. | | 


* XVIII. A. 
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XVII. Al Kalb, the Scorpion $ heart marked 
4, more fully Kalbalatrab; the word 
Antares, if it is not a corruption, has no 
ſignification, and is therefore omitted. 


XIX. A Shaulah, the Scorpion's tail, or the 

ſtar marked a, The word Leſath we have 
omitted, being another pronunciation of 
Laſah; the true name is Shaulab. 


XX. Al Naim; ; theſe are eight ſtars in 82 
gittary, marked y Y A þ © © v3 
Ulugh Beigh makes them DE 1 
i. e. Y N. 


XXI. A. Beldah ; this is that part of the 


Horſe in Sagittary, where there are no 
ſtars drawn ; and if there. be any in that 
part of the heavens, it is thought od 
are only teleſcopic ſtars, 


XXII. Sad Al Dabib, three ſtars in Capri- 
corn, marked & B ». | 


XXIII. Sad Al Bula, the ſtars marked » in 
the hand of Aquarius, 


XXIV. Sad 4 Sud, the flars marked g 


and ę in Aquarius. 


PSs 8 2 XXV. Sad 
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XXV. Sad Al Achbiyab, three ſtars in Aqua- 


rius marked y 4 b. 


XXVI. Al Pherg al Mikalden, ths ſtars 
marked « and g in Pegaſus. 


_ XXVII. Al Pherg al Muacchir ; theſe are 


two ſtars, one in the head of Andromeda, 
marked 9; the other in the wing of Pe- 
gaſus, marked . | 


XXVIIL. Al Riſhd, the ſtar marked 2 1 in 5 


the girdle of Andromeda. 


This is a ai of the' heavens, dif- 


ferent from any thing the Greeks, were ac- 


quainted with, and therefore was not bor- 
rowed from them. 


PROBLEM LV. 
To find a meridian line. 


305. Bring the ſun's place in the ecliptic 


on the celeſtial globe, to the graduated ſide 
of the ſtrong braſs meridian, and ſet the 
Horary index to that XII, which is moſt 


elevated ; turn the globe, till the ſtar mark- 
ed s in Caſſiopea's hip, is under the gra- 
duated 
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duated fide of the ſtrong braſs meridian, 
with about 11 degrees of right aſcenſion ; at 
which time the polar ſtar, in the extremity 
of the tail of the little Bear, will be above 
the pole, and upon the meridian allo. If 
you find in this application of the globe, 


that the horary index points to any hour of 


the day, when the globe is rectified to the 


latitude of your ſituation, turn the globe 


again, till the ſtar marked e, called Alioth, 
being the firſt in the tail of the great Bear, 
is under the graduated ſide of the ſtrong 


braſs meridian, and then the polar ſtar will 


likewiſe be upon the meridian, with about 


491 degrees of right aſcenſion, but under 
the north pole, and the horary index will 


point out the time of the night, when this 


phenomenon is to happen, before which 
you are to have the following apparatus 
properly prepared, that you may be ready 
to attend the obſervation, that is, to find 
your meridian line. 

Suſpend two plumb-lines, and let their 
weights be immerſed in water, to prevent 
their- vibrating, but in ſuch a manner that 
the ſtring of one of them may be directly 
between the polar ſtar and the ſtring of the, 
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other. After this adjuſtment of the two 

firings, if they remain untouched till the 
next day at noon, a meridian line may be 

obtained at any window in the houſe which 

has a ſouthern aſpect, by ſuſpending lines 

as above from the ceiling z that next the 

window may be fixed, but the other ſhould 

be moveable in. a direction nearly eaſt and 

weſt; the weights of theſe ought alſo to be 

immerſed in water; then, if two perſons 

attend a little before noon on the next day, 

one of them at the two firſt plumb-lines 

which were adjuſted to the polar ſtar, and 

the other at the two plumb-lines in the 

houſe which are then to be adjuſted, each 

of them holding a ſheet of white paper in 
their hands, to receive the ſhadow of the 

two ſtrings caſt thereon by the ſun; the 

firſt obſerver is to give a ſignal to the ſecond 

of the inſtant the two ſhadows on his paper 

are united in one and the ſame line, at 

which time the ſun will be preciſely upon 
the meridian. The other obſerver in the 

houſe is likewiſe to attend with diligence ; 

and as the ſun is coming nearer and nearer 

to the meridian, he is conſtantly to remove 

his moveable plumb-line, and keep the ſha- 

| „ > 1 


3 
i: 
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dows of his two ſtrings always united ir 
one diſtinct ſhadow, that his obſervation 
may be compleat, when his afliſtant gives 
the definitive ſignal. : 

If this be repeated four or five times, a 
very accurate meridian line may be obtain- 
ed, and may be drawn on the window, 
the floor, or a pavement, by their ſhadow 
when united by the ſun's rays, and the 
plumb-lines may be occaſionally ſuſpended 
from two fixed hooks, when you chuſe to 
obſerve the paſſage of the ſtars — Tas 
meridian. 

For the uſe of the curious it will not be 
improper to obſerve, that the late Dr. 
Bradley found that the diſtance of the ſtar 
marked « at the extremity of the tail of the 
little Bear, from the polar point, was 2 deg. 
1 min. 39 ſec. on the firſt day of January, 
A.D. 1751, old ſtile; at the ſame time its 
right aſcenſion was 10 45'' 15” equal to 
43 min. I ſec. of time; and as the right 
aſcenſion increaſes 1 min. 16 ſec.. every ten 
years, its right aſcenſion may be obtained 
for any ſucceeding year; and having the 
ſun's right aſcenſion in time alfo, ſubtract 


the laſt from the firſt; by adding 24, hours. 
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to the right aſcenſion of the pole ſtar when 


it is leſs than the ſun's, the remainder will 
be the time of the ſtar's ennie to the 


meridian. 


Then, as before, hang up two plumb- 


lines between your eye and the polar ſtar. 
PROBLEM LI. 
Of the equation of time. 


306. As time flows with great regula- 
rity, it is impoſſible to meaſure it accurately, 
and compare its ſeveral intervals with each 
other, but by the motion of ſome of the 
heavenly bodies, whoſe progreſs is as uni- 
form and regular as itſelf. 

Ancient aſtronomers looked upon the ſun 
to be ſufficiently regular for this purpoſe; 
but by the accurate obſervations of later 
aſtronomers, it is found that neither the 


days, nor even the hours, as meaſured by 


the ſun's apparent motion, are of an equal 
length on two accounts. 

ift, A natural or ſolar day of 24 8 
is that ſpace of time the ſun takes up in 


paſſing from any particular meridian to the 


ſame again; and one revolution of the earth, 
with 


te 
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with reſpect to a fixed ſtar, is performed in 


23 hours, 56 minutes, 4 ſeconds ; there- 
fore the unequal progteſſion of the earth 
through her elliptica] orbit, (as ſhe takes 
almoſt eight days more to run through the 
northern half of the ecliptic, than ſhe. does 
to paſs through the ſouthern) is the reaſon 


that the length of the day is not exactly 


equal to the time in which the earth per- 
forms its rotation about its axis. 

d2dly, From the obliquity of the ecliptic 
to the equator, on which laſt we meaſure 
time; and as equal portions of one do not 
correſpond to equal portions of the other, 
the apparent motion of the ſun would not 


be uniform; 'or, in other words, thoſe. 
points of the equator which come to the 


meridian, with the place of the ſun on dif- 
ferent days, would not be at equal diftances 
from each other. TN 

This laſt is eaſily ſeen upon the globe, 
by bringing every tenth degree of the eclip- 
tic to the graduated fide of the ſtrong braſs 
meridian, and you will find that each tenth 
degree on the equator will not come thither 
with it, but 1n the following order from Y 


to S, every tenth degree of the ecliptic 
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comes ſooner to the ſtrong braſs meridian 
than their correſponding 1oths on the equa- 
tor; thoſe in the ſecond quadrant of the 
ecliptic, from S to =, come later, from 
= to M ſooner, and from VS to Aries later, 
whilſt thoſe at the beginning of each qua- 
drant come to the meridian at the fame 
time; therefore the ſun and clock would 
be equal at theſe four times, if the ſun was 
not longer in paſſing through one half of 
the ecliptic than the other; and the two. 
inequalities joined together, compoſe that 
difference which is called the equation of 
time. | 

' Theſe cauſes are independent of _ 
other ; ſometimes they agree, and at other 
times are contrary to. one another. 
The time marked out by an uniform 
motion, is called true time, and that ſhewn 
by the ſun, is called apparent or ſolar time, 
and their difference is the equation of time. 
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We now proceed to ſhew, how 
the terreſtrial globe will repreſent 
the real phenomena relating to the 
earth, when actually compared with 
the refulgent rays emitted from the 
great ſphere of day. 


307. The meridians on our new terreſtrial 
globes, being ſecondaries to the equator, are 
alſo hour circles, and are marked as ſuch 


with Roman figures under the equator, and 


at the polar circles. But obſerve, there is 
a difference in the figures placed to the ſame 
hour circle; if it cuts the IIId hour upon 
the polar circles, it will cut the IXth hour 
upon the equator, which is fix hours later, 
and fo of all the reſt. 

Through the great Pacific Sea, and che 
interſection of Libra, is drawn a broad me- 
ridian from pole to pole; it paſſes through 
the XIIth hour upon the equator, and the 
VIth hour upon each of the polar circles: 


this hour circle is graduated into degrees 


and parts, and numbered from the equator 
towards either pole. 


There 
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There is another broad meridian paſting 
through the Pacific Sea, at the IXth hour 
upon the equator, and the IIId hour upon 
cach polar circle; this contains only one 
quadrant, or go degrees; the numbers an- 
nexed to it begin at the northern polar circle, 
and end at the tropic of Capricorn. 

Here we muſt likewite obſerve, there are 
23 concentric circles drawn upon the ter- 


reſtrial globe within the northern and ſouthern. 


polar circles, which for the future we ſhalt 
call polar parallels; they are placed at the 
diſtance of one degree from each other, and 
repreſent the parallels of the ſun's declina- 
tion, but in a different manner from the 47 
parallels between the tropics. 

The following problems x require the globe 
to be placed upon a plane that is level, or 
truly horizontal, which is eaſily attained, 
if the floor, pavement, gravel-walk in the 
garden, &c. ſhould not happen to be ho- 


rizontal. 
A flat ſeaſoned board, or any box which 


is about two feet broad, or two feet ſquare, 


if the top be perfectly flat, will anſwer the 
purpoſe; the upper ſurface of either may 
be ft truly horizontal, by the help of a 


pocket 
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pocket ſpirit level, or plumb rule, if you 
raiſe or depreſs this or that fide by a wedze 


or two, as the ſpirit level ſhall direct; if 


you have a meridian line drawn on the 
place over which you conſtitute this hori- 
zontal plane, it may be readily transferred 
from thence to the ſurface juſt levelled ; this 
being done, we are prepared for the ſolu- 
tion of the following problems. 


PROBLEM LVII. 885 

To obſerve the ſun's altitude by 
the terreſtrial globe, when he 
ſhines bright, or when he can 

but juſt be diſcerned through a 

cloud. 

308. Conſider the ſhade of exfuberancy, 
which is that cauſed by the ſphericity of 
the globe, heretofore called the edge of the 
carth's enlightened diſc, and there repre- 
ſented by the broad paper circle, but here 
realized by the natural light of the ſun 
itſelf. | N 

Elevate the north pole of the globe to 
664 degrees, bring that meridian or hour 

circle, 


- 
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cirele, which paſſes through the IXth hour 


upon the equator, under the graduated fide 
of the ſtrong braſs meridian, the globe 
being now ſet upon the horizontal plane; 
turn it about thereon, frame and all, that 
the ſhadow of the ſtrong braſs meridian 
may fall directly under itſelf; or in other 
words, that the ſhade of its graduated face 
may fall exactly upon the aforeſaid hour 
circle; at that inſtant the ſhade of extu- 
berancy will. touch the true degree of the 
ſun's altitude upon that meridian, which 
| paſſes through the IXth hour upon the 
equator, reckoned from the polar circle, 
the moſt clevated part of which will then 
be in the zenith of the place where this 
operation is performed, and is the ſame 
whether it ſhould happen to be either in 
north or ſouth latitude. 

Thus we may, in an eaſy and natural 
manner, obtain the altitude of the ſun, at 
any time of the day, by the terreſtrial globe; 
for it 1s very plain, when the ſun riſes, he 
bruſhes the zenith and nadir of the globe 
by his rays; and as he always illuminates 


half of it, (or a few minutes more, as his 


_ is conſiderably larger than that of the 


earth) 


ab ES Cx. 
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earth) therefore when the ſun is riſen a de- 
gree higher, he muſt neceſſarily illuminate 
a degree beyond the zenith, and. ſo on pro- 
portionably from time to time, 

But as the illuminated part is fomewhat 
more than half, deduct 13 minutes from the 


ſhade of extuberancy, and you have the ſun's 


altitude with tolerable exactneſs, 

If you have any doubt how far the 
ſhade of extuberancy exactly reaches, hold 
a pin, or your finger, on the globe, between 
the ſun and point in diſpute, and where 
the ſhade of either is loſt, will be the point 
ſought. 


When the ſun does not ſhine bright 


enough to caſt a ſhadow. 


309. Turn the meridian of the globe to- 
ward the ſun, as before, or direct it ſo 
that it may lie in the ſame plane with it, 
which may be done if you have but the 
leaſt glimpſe of the ſun through a cloud; 
hold a ſtring in both hands, it having firſt 
been put between the ſtrong braſs meridian 
and the globe: ſtretch it at right angles to 
the meridian, and apply your face near to 

| the 
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the globe, moving your eye lower and 
lower, till you can but juſt fee the ſun: 
then bring the ſtring, held as before, to this 
point upon the globe, that it may juſt ob- 
ſcure the ſun from your fight, and the de- 
gree on the aforeſaid hour circle, which the 
ſtring then lies upon, will be the ſun's alti- 
tude required, for his rays would ſhew the 
ſame point if he ſhone out bright. 
Note, The moon's altitude may be ob- 
ſerved by either of theſe methods, and the 
altitude of any ſtar by the laſt of them. 


PROBLEM LVII. 
To place the terreſtrial globe in the 
ſun's rays, that it may repreſent 
the natural poſition of the earth, 
either by a meridian line, or with- 
out it. 

310. If you have a meridian line, ſet the 
north and ſouth points of the broad paper 
circle directly over it, the north pole of the 
globe being elevated to the latitude of the 
place, and ſtanding upon a level plane, bring 


the place you are in under the graduated 
Eon | fide 


a 
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fide of the ſtrong braſs. meridian, then the 
. poles and parallel circles upon the globe 
will, without ſenſible error, correſpond with 
thoſe in the heavens; and each point, king- 
dom, and ſtate, will be turned towards the 
real one which it repreſents. 

If you have no meridian line, then the 
day of the month being known, find the 
ſun's declination as before inſtructed, which 
will direct you to the parallel of the day, 
amongſt the polar parallels, reckoned from 
either pole towards the polar circle ; which 
you are to remember, 

Set the globe upon your arina plane 
in the ſun-ſhine, and put it nearly north 
and ſouth by the mariner's compaſs, it being 
firſt elevated to the latitude of the place, 
and the place itſelf brought under the gra- 
duated fide of the ſtrong braſs meridian : 
then move the frame and globe together, 
till the ſhade of extuberancy, or term of 
illumination, juſt touches the polar parallel 
for the day, and the globe will be ſettled as 
before; and if accurately performed, the 
variation of the magnetical needle will be 
ſhewn by the degree to which it points in 
the compaſs box. 
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And here obſerve, if the parallel for the 


day ſhould not happen to fall on any one 
of thoſe drawn upon the globe, you are to 


eſtimate a proportionable part between them, 
and reckon that, the parallel of the day. 
If we had drawn more, the 8 would 
have been confuſed. | 

The reaſon of this operation is, that as 
the ſun illuminates half the globe, the ſhade 
of extuberancy will conſtantly be go de- 
grees from the point wherein the * i8 
vertical. 

If the ſun . in the equator, che ſhade 
and illumination muſt terminate in the poles 


of the world; and when he is in any other 
diurnal parallel, the terms of illumination 


muſt fall ſhort of, or go beyond either pole, 
as many degrees as the parallel which the 


fun deſcribes that day, is diſtant from the 


equator; therefore. when the ſhade of ' ex- 
tuberancy touches the polar parallel for the 


day, the artificial globe will be in the ſame 


poſition, with reſpect to the ſun, as the 
earth really is, and will be illuminated in 


the lame manner, 


« PROBLEM 


„ fot mh cu 


\ 
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PROBLEM LIX. 
To find naturally the ſun's decli- 
nation, diurnal parallel, and his 
place thereon, 


311. The globe being ſet upon an . 
zontal plane, and adjuſted by a meridian 
line or otherwiſe, obſerve upon which, or 
between which polar parallel the term of 
illumination falls; its diſtance from the pole 
is the degree of the ſun's declination : reckon 
this diſtance from the equator among the 
larger parallels, and you have the parallel 
which the ſun deſcribes that day; upon 
which if you move a card, cut in the form 
of a double ſquare, until its ſhadow falls 
under itſelf, you will obtain the very place 
upon that parallel over which the ſun is 
vertical at any hour of that day, if you ſet 
the place you are in under the graduated ſide 
of the ſtrong braſs meridian. 

Note, The moon's declination, Arne 
parallel and place, may be found in the ſame 
manner. Likewiſe when the ſun does not 
ſhine bright, his declination, &c. may be 
found by an application in the manner of 


„„ „ß 
os 13 2; PRO- 
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PROBLEM LX. 
To find the ſun's azimuth naturally. 


312. If a great circle at right angles to 
the horizon paſſes through the zenith and 
nadir, and alſo through the ſun's center, its 
diſtance from the meridian in the morning 
or evening of any day, reckoned upon the 
degrees on the inner edge of the broad 
paper circle, will give the azimuth re- 
quired. 

MzTrwop I. 


313. Elevate either pole to the oldie 
We a parallel ſphere, by bringing the north 
pole in north latitude, and the ſouth pole 
in ſouth latitude, into the zenith of the 
broad paper circle, having firſt placed the 
globe upon your meridian line, or by the 
other method before preſcribed ; hold up a 
plumb-line ſo that it may paſs freely near 
the outward edge of the broad paper circle, 
and move it ſo that the ſhadow of the 
ſtring may fall upon the elevated pole; then 
caſt your eye immediately to its ſhadow ) on 
the broad POE _ and the degree it 

there 


there falls upon is the ſun's azimuth at that 
time, which may be reckoned from either 
the ſouth or north points of the horizon. 


METHOD II. 


314. If you have only a glimpſe; or 


faint fight of the ſun, the globe being ad- 
juſted as before, ſtand on the ſhady fide, 
and hold the plumb-line on that fide alſo, 
and move it till it cuts the ſun's center, and 
the elevated pole at the ſame time; then 
caſt your eye towards the broad paper circle, 


and the degree it there cuts is the ſun's azi- 


muth, which muſt be reckoned from the 
oppoſite cardinal point. 


PROBLEM LXI. 


To ſhew that in ſome places of the 


earth's ſurface, the ſun will be 
twice on the ſame aziruth in the 
morning, twice on the ſame azi- 


muth in the afternoon; or, in 


1 other words, | 
315, When the declination of the ſun 
exceeds the latitude of any place, on either 
Ee, FT 2 "53 = 
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| ſide of the equator, the ſun will be on the 
ſame azimuth twice in the mornings and 
twice in the afternoon. 

Thus, ſuppoſe the globe rectified to the 
latitude of Antigua, which is in about 17 
deg. of north latitude, and the ſun to be in 
the beginning of Cancer, or to have the 
greateſt north declination; ſet the quadrant 
of altitude to the 21ſt degree north of the 
eaſt in the horizon, and turn the globe upon 
its axis, the ſun's center will be on that. 
azimuth at 6h. 3o min. and alſo at 10 h. 
30 min. in the morning. At 8 h. 30 min. 
the ſun will be as it were ſtationary with 
reſpect to its azimuth for ſome time, as 
will appear by placing the quadrant of al- 
titude to the 17th degree north of the eaſt 
in the horizon. If the quadrant be ſet to 

the ſame degrees north of the weſt, the ſun's 
center will crois it twice as it approaches 
the horizon in the aſternoon. 

This appearance will happen more or 
leſs to all places ſituated in the torrid Zone, 
| whenever tc ſun's declination exceeds their 
latitude; and from hence We may infer, 
that the. adow of a dial, whoſe gnomon 
8 erected e pendicular to an horizontal 

| plane, 
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plane, muſt neceffarily go back ſeveral de- 
grees on the ſame day. 

But as this can only happen within the 
torrid zone, and as Jeruſalem lies about 8 
degrees to the north of the tropic of Can- 


cer, the retroceſſion of the ſhadow on the 
dial of Ahaz at jeruſalem was, in the ſtricteſt 


ſignification of the word, miraculous. 


| PROBLEM LXIL 
To obſerve the hour of the day in 
the moſt natural manner, when 


the terreſtrial globe is properly 


placed in the ſun-ſhine. 


316. There are many ways to perform 
this operation with reſpect to the hour, 
three of which are here inſerted, being ge- 
neral to all the inhabitants of the earth; a 
fourth is added peculiar to thoſe of London, 
which will anſwer, without ſenſible error, 


at any place not exceeding the diſtance of, 


60 miles from this capital. 


iſt, By 
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A. By a 8 ſtile. 
317. Having rectified the globe as before 


directed, and placed it upon an horizontal 


plane over your meridian line, or by the 
other method, hold a long pin upon the 
illuminated pole in the direction of the 


polar axis, and its ſhadow will ſhew the 


hour of the day amongſt the polar pa- 
rallels. 

The axis of the globe Dy the com- 
mon ſection of the hour circles, is in the 
plane of each; and as we ſuppoſe the globe 
to be properly adjuſted, they will corre- 
ſpond with thoſe in the heavens; there- 
fore the ſhade of a pin, which is the axis 
continued, muſt fall oe the true hour 
circle, 


2dly, B an artificial fille. : 


318, Tie a ſmall ſtring with a nooſe 
round the elevated pole; ftretch its other 


end beyond the globe, and move it ſo that 


the ſhadow of the ftring may fall upon 
te depreſſed axis; at that inſtant its ſha- 
dow upon the equator will give the ſolar 
hour to a minute. | 


But 


49 — A 
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But remember, that either the autumnal 


or vernal equinoctial colure muſt firſt be 


placed under the graduated fide of the ſtrong 


| braſs meridian before you obſerve the hour, 
cach of theſe being marked upon the equa» 
tor with the hour XII. 

The ftring in this laſt caſe being moved 
into the plane of the ſun, correſponds with 


the true hour circle, and OY gives 
the true hour. 


sah Without any ſtile at all. 


30 FA thing being rectified as be- 
fc look where the ſhade of extuberancy 


cuts the equator, the colure being under 


the graduated fide of the ſtrong braſs meri- 


dian, and you obtain the hour in two places 
upon the equator, one of them going before, 
and the other following the ſun. 

Note, If this ſhade be dubious, apply a 
pin or your finger as before directed. 

The reaſon 1s, that the ſhade of extu- 
berancy being a great circle, cuts the equa- 
tor in half, and the ſun, in whatſoever pa- 


rallel of declination he may happen to be, 
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is always in the pole of the ſhade ; conſe- 
quently the confines of light and ſhade will 
thew the true hour of the day. 


Athly, Peculiar to the a of 
London, and its environs, within 
the diſtance of ſixty miles. 


320. The globe being every way adjuſted 
as before, and London brought under the 
graduated fide of the ſtrong braſs meridian, 
hold up a plumb-line, fo that its ſhadow 
may fall upon the zenith point, (which in 
this caſe is London itſelf) and the ſhadow 
of the firing will cut the parallel of the 
day upon that point to which the ſun is 
then vertical, and that hour circle upon 
which this interſection falls, is the hour of 
the day; and as the meridians are drawn 
within the tropics at 20 minutes diſtance 
from each other, the point cut by the in- 
terſection of the ſtring upon the parallel of 
the day, being ſo near the equator, may, 
by a glance of the obſerver's eye, be referred 


thereto, and the true time obtained to a 


minute. 


The 
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The plumb-line thus moved is the azi- 


muth, which, by cutting the parallel of the 
day, gives the ſun's place, and conſequently 
the hour circle which interſects it. - 

From this laſt operation reſults a corol- 
lary, that gives a ſecond way of reciiying the 
globe to the ſun's rays, 

If the azimuth and ſhade of the illumi- 
nated axis agree in the hour when the globe 
is rectified, then making them RY. to agree 
muſt rectify the globe. 


COROLLARY, 


* method to rectify the globe 
to the ſun's rays. 

321, Move the globe till the ſhadow 'of 

the plumb-line, which paſſes through the 


zenith, cuts the ſame hour on the parallel 


of the day, that the ſhade of the pin held 


in the. direction of the axis falls upon, 

amongſt the polar parallels, and the globe 
is rectiü d. 55 

| The reaſon is, that the ſhadow of the 


axis repreſents an hour circle; and by its 


agreement in the ſame; hour, which the 
ſhadow of the azimuth ſtring points out, 
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284 Deſcription and Uſe of the 
| by its interſection on the parallel of the day, 
it ſhews the ſun to be in the plane of the 
faid parallel; which can never happen in 
the morning on the eaſtern ſide of the globe, 
nor in the evening on the weſtern ſide of it, 
but when the ofobe is rectified, 
This rectification of the globe is only 
placing it in ſuch a manner that the prin- 
cipal great circles, and points, may concur 
and fall in with thoſe of the heavens. 
The many advantages ariſing from theſe 
capital problems relating to the placing of 
the globe in the ſun's rays, an intelligent 
reader will eaſily diſcern; and readily extend 
to his own as well as to the benefit of his 


pupil. 
PROBLEM LXIII. 


To find when the er Venus 1s 


a morning or an evening ſtar. 


322. Rectify the celeſtial globe to the 
latitude and ſun's place, art. 189, 190. find 
the place of Venus by an ephemeris, and 
ſet the artificial moon to that place in the 
zodiac, which will repreſent the planet; 
bring the artificial ſun to the eaſtern” edge 


of 
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of the horizon ; if Venus is then elevated, 
ſhe will riſe Ar the ſun, and be a morn- 
ing ſtar ; but if ſhe is depreſſed below the 


horizon, ſhe muſt then conſequently follow. 


the ſun, and become an evening ſtar. 


PR OBLEM LXIV. 
To find at what time of the night 
any planet may be viewed with a 
reflecting teleſcope. 


323. Rectify the Se 3 to * 
latitude and ſun's place, art. 189, 190. ſcek 
the planet's place and latitude in an ephe- 
meris; to which place in the zodiac, ſet 
the artificial moon to repreſent the planet, 


and it will ſhew its place in the heavens: 
bring the planet's repreſentative to the eaſtern 


fide of the horizon, and the horary index 


will ſhew the time of its riſing ; if the ar- 


tificial ſun is then elevated, the planet will 
not be viſible at that time by means of his 
ſaperior light; therefore turn the globe from 
eaſt to weſt until the artificial fun is de- 
preſſed below the circle of twilight, art. 
93, and 216. where oy the globe, and 

ſcrew 
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ſcrew the nut of the quadrant of altitude in 


the zenith, art. I92; 3 lay its graduated edge 


on the center of the planet, and it will ſhew 


in the horizon the azimuth or point of the 
compaſs, on which the planet may then be 
viewed in the heavens; the horary index 


will at the ſame time point out the hour of 
the night. When the planet comes to the 


ſtrong braſs meridian, the index will ſhew 


the time of its paſſage over that celeſtial 


circle; and at the weſtern edge of the ho- 


rizon, the time of its ſettin 8 will likewiſe 
be ” . 


PROBLEM 
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PROBLEM LXV. 


To find what Ae the moon is 
upon at any place when it is 
flood or high water; and thence 
the high tide for any day of the 
moon's age at the ſame place. 


324. Having obſerved the hour and mi- 
nute of high water about the time of new 
or full moon, rectify the. globe to the la- 
titade and ſun's place, art. 189, 190. find 
the moon's place and latitude in an ephe- 
meris, to which ſet the artificial moon, and 
ſcrew the quadrant of altitude in the zenith; 
turn the globe till the horary index points 
to the time of flood, and lay the quadrant 
over the center of the artificial moon, and 
it will cut the horizon in the point of the 
compaſs upon which the mocn was, and 
the degrees on the horizon contained be- 
tween the ſtrong braſs meridian and the 


quadrant, will be the moon's azimuth from 
the ſouth. 
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Toad the er at 
the ſame place. 


325. Redify the globe to the elle and 
zenith; find the moon's place by an epheme- 
ris for the given day of her age, or day of 
the month; and ſet the artificial moon to 
that place in the zodiac; put the ' quadrant 
of altitude to the azimuth before found, and 
turn the globe till the center of the artificial 
moon is under its graduated edge, and the 


| horary index will point to the time of the 


wn Nos on Frs it will be An water. 
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Spherical triangle is formed upon 
the ſurface of a globe by the in- 
terſection of three great circles. | 

32 A ſpherical angle is the interſection 

of two great circles that incline to one an- 1 
other; the quantity of any ſpherical angle F | 

15 meaſured by a third great circle, intercepted | = 
between the legs of the angle, at go degrees _— 

g diſtance from the interſecting point. | 1 
328. A right angled ſpherical triangle | 
hath one right angle, the ſides about which ; 
U are 1 


326. 
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are called legs, and the fide e to it 
the hypothenuſe. 
329. An oblique angled erica tri- 


angle has its angles greater or leſs than go 
degrees: the ſolution of ſpherical triangles 


conſiſts in finding the meaſure of its Hes 
and angles. 

330. The ſides of any ſpherical triangle 
may be changed into angles, and the angles 
into ſides; if for any one fide, and its op- 
poſite angle, their complement to a ſemi- 
circle be taken. _ 


„„ 
PROBLEM LXVI. 


The hypothenuſe and one leg being 
given, to find the reſt. 


In the right angled ſpherical triangle 


: ABC, fig. 29. are given 


þ RE the le BA 
The hypothenuſe BC 64 40 to fin E ACB 
Themes AC 42 12 By avgles} 


331. Fig. 30. Elevate the pole P to 429 | 


12/, the quantity of the given leg AC, and 


number the ſame quantity on the ftrong 


braſs 
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braſs meridian from E, the equator to - + 
the zenith; there fix the quadrant of altis 
tude, Bring that meridian which paſſes 
through London under the braſs meridian, 
and count 64 40, the meaſure of the hy- 
pothenuſe, on the quadrant downwards from | 
Z to G, and move it till the point G in- 
terſects the equator, and the ine 26 E 
will be formed. 

The fide & Z repreſents the given fide 
AC, the hypothenuſe BC is repreſented by 
the arch ZG, the required fide AB is re- 
preſented by G E an arch of the equator, 
its meaſure 54 43', between E and G is 
the quantity ſought; the angle ACB, is 
repreſented by the angle G Z , and its 
meaſure is found on the arch A O of the 
horizon equal to 64? 35“. 

332. To find the other angle ABC, 
having obtained the meaſure of the fide BA, 
54 43, elevate the pole P agreeable there- 
to, and reckon the ſame from A to Z; 
there fix the quadrant of altitude; number 
the other leg AC, 42 12/ from XZ to G 
on the equator, (the meridian paſſing through 
London remaining as before) and to that 


poet bring the quadrant of altitude; then 
"WU 2 the 
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4 . | | 1 
the arch AO, on the horizon, will contain 


48? o0!, the meaſure of the angle Zz G, 
equal to AB E the angle ſought. 
83 8 E II. 


PROBLEM LXVII. 


The hypothenuſe and an angle being 
5 given, to find the reſt. 


In the right angled triangle ABC, fig, 
29, are given 


89 the angle K. 
The hypothenuſe BC 64 AC maſa legs 5 2 AC 


The angle ACB 04 35 


333. Fig. 1 place Pp the poles of the 
globe in the horizon HO, and fix the qua- 


drant of altitude to Z the zenith; number 
64? 35', the meaſure of the given angle, 


upon the horizon from Æ to F; move the 


quadrant to the point F, and thereon count 


642 40ʃ, the quantity of the hypothenuſe 


from Z downwards to G, to which point 


bring that graduated meridian which paſſes 


through Libra =, and the triangle GZ 4 


will be formed. 


20 


1 


9 


i 


of the meridian; P = p equal to 54? 430%, 
is the meaſure of the other required fide 
A | 

Now having found the fide AB, adjacent 
to the required angle ABC, its meaſure 
may be found by art. 332. | 


C: A. SE IF 
PROBLEM LXVIII. 


A leg and its adjacent angle being 
given, to find the reſt. 


In the right angled tine ABC, ig. 
29, are given 
93 the leg AC 
'The leg BA 54 43 fro ind dh angle ACB 
Tho angle ABC 45 o the hyp, BC 
334. Fig. 30. elevate the pole P, to 54? 
43', the quantity of the given leg BA; 
count the ſame from & to Z, and fix the 
quadrant at Z; bring that meridian which 


paſſes through London under the ſtrong 


U 3 braſs 
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ZG an arch of the quadrant of altitude 
repreſents the hypothenuſe; Z = an arch 
of the equator repreſents the required ſide 
AC equal to 42 12/, and G = an arch 
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294 Deſcription. and Uſe of the 

braſs meridian, and reckon the given angle 
489 oo', from O to A, on the horizon ; 
bring the. quadrant to A, and the triangle 
26 will be formed. 

| We have the meaſure of the required fide 
CA upon AG an arch of the equator, 
equal to 42 12', and the hypothenuſe BC, 
upon GZ, an arch of the quadrant, equal 
to 64 40', the angle ACB may be found 
7 art. 332. 


CASE IV. 
PROBLEM T. 
Both legs given, to find the reſt. 


In the right angled triangle ABC, fig. 
29. are given 


(che byp. BC 


The legs J « 54 43 20 to find j 1 ACB 
AC 45 333 the 9 hn j ABC 


335. Fig. 30. elevate the globe to the 
quantity of either given leg as AC, 429 12/, 
number the ſame from A to Z, and fix the 
quadrant at Z, ſet the meridian which paſſes 
through London under the ſtrong braſs me- 
ridian, and count the ocher given leg AB, 

54" 
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24? 43“ upon the equator from & to G, 
bring the quadrant to G, and the triangle 
Z GM will be formed. | | 

The arch Z G on the quadrant of alti- 
tude 64 40“/, is equal to BC the hypo- 
thenuſe, the arch OA, 64 35/ on the ho- 
rizon, is the meaſure of the angle GZ A, 
equal to the required angle ABC. The 
other angle may be found by art. 33 2. 


CASE V 


PROBLEM LXX. = 


Both angles given, to find the three Wl | 
_ fades. 9 


In the right angled triangle ABC, fg 
24, are given 


8 i the hyp. BC 
The an Ir B 64 35 to nd AC 
8 a the ſides BC 


e 


2 e e 
S e x 2 


— 
EY 


336. In this fifth caſe, we muſt have. 
recourſe to art. 3 30, and then we ſhall have. 
an oblique angled ſpherical triangle a b c, 
fig. 31, whoſe ſide a b is equal to the angle 
ACB of the given triangle; the fide bc, 
equal to the angle ABC; and the fide ac, 

4 equal 
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equal to the complement of the right angle 
to 180 degrees, which muſt therefore ne- 
ceſſarily be 90 degrees, 

337. Fig. 30. number 48% 00! the fide 
ke of this ſecond triangle, from P, the 
pole of the globe to Z, and there fix the 
quadrant of altitude; then bring the point 
Z into the zenith, art. 192, and count go 
oo the quantity of the fide ac, from P the 
pole to G, upon that meridian which paſſes 
through = ; number the fide ab, 64 35 
upon the quadrant of altitude downwards 
from Z to G, then move the globe and the 
quadrant, until theſe quantities meet in one 
point at G, and the ow PZG will be 
6 

The arch EG, on the equator, will give 
the meaſure of the angle PG 54 43%, 
cqual to the required fide AB; and the 
arch AO, in the horizon, that of the angle 
GZ A 64 40', which is the complement of 
the angle PZ G to 180 degrees, and is equal 
to the hypothenuſe BC: thus having obtained 
the meaſures of two of the required ſides, 
we have ſufficient data to find the third fide 
AC, either by the firſt or ſecond of the pre- 


ceding caſes, art. 331, 333. 
The 
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Abe ue of the G e in 


ſolution of oblique angled 
j pherical triangles. 


CASE LT 
PROBLEM LXXI. 


Two. ſides and an angle oppoſite to 
one of them being given, to find 


the reſt. 


In the oblique angled ſpherical ing 
BCD, fig. 32. are given 


8 | 

Fu fdes C5 ; 56 45 fo mal, 2 | BED 

The angle CBD 48 31 ges BDC 
338. Fig. 30. Count the fide BC 83? 
137, on the ſtrong braſs meridian from P to 
Z; fix the quadrant of altitude at Z, and 
bring that point into the zenith; and from 2 
downwards to G, number 56 40/ ; where 
make a mark for the extent of the other ſide 
CD, and reckon its oppoſite angle DB C, 
489 31 on the equator from the point = 
| at 
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at G eaſtward, towards , where ſtop the 
globe, and bring the mark upon the qua- 
drant to coincide at G with the meridian 
PG, which paſſes through =, then the arch 
PG will contain 114? 3o', the meaſure of 
the required fide BD; and the arch HA 
in the horizon 1259 20ʃ, will be the mea- 
| ſure of the angle BCD; the other angle 
PGG, equal to the required angle BDC, 
may be found by art. 332, in changing the 
ſides upon the globe. Or, 

339. If you make a mark on the obe di- 
rectly under the point Z, and bring the point 
G to the zenith, over which the quadrant of 
altitude is to be fixed, and lay its graduated 
edge upon the point juſt marked; it will 
ſhew in the horizon, between the ſtrong 
braſs meridian and quadranit, 62 51, the 
meaſure of the required angle PG Z, equal 
to the angle BDC. | | 


CASE 
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CASE 1 
PROBLEM LXXII. 
Two angles and a ſide oppoſite to 
one of them being given, to find 


the reſt. 


In the oblique | angled triangle BCD, 
fig. 32. are given 


The angles } 3 7 3 2 18 
The ſide . the angle DBC 
340. Fig. 30. Reckon the angle BDC, 
62 51', which is oppoſite to the given ſide 
upon the equator from = eaſtwards, and 
bring that point to Æ; count the given ſide 
BC, 83? 13“ upon the quadrant of altitude 
from Z downwards to G, where make a 


mark, and number the other given angle 
BCD 1259 3o/, in the horizon from H to 


A; ſet the lower end of the quadrant to the 
point A, and hold it there while you flide 
the pole of the globe higher or lower, until 
the mark on the quadrant at G interſects 


that meridian which paſſes through- =, and 
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at the fame time, that the nut at the up- 
per end of it may be exactly in the zenith, 
where fix it, and the triangle PZ G will be 


formed. 
The arch PZ, of the ſtrong braſs meri- 


dian, contains 56* 40/, the quantity of the 
required fide CD, and the arch PG 114® 
30/, is equal to the other required fide BD, 


the angle DBC may be found by art. 332, 
or 339. 


CASE. . 
PROBLEM LXXIII. 


Two ſides and their ind angle 
given, to find the reſt, 


In FR oblique angled triangle B CD, 
fig. 32. are given 


W ee 

The angle BCD 125 30 e angles * 
341. Fig. 30. Count the ſide CD 56? 
40' from P to Z on the ſtrong braſs me- 
ridian ; bring the point Z into the zenith, 
and to it fix the quadrant of altitude, and 
| number 
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number from Z downwards to G, the quan- 
tity of the fide BC 83? 13, and there 
make a mark; then count the given angle 


BCD, 125” 30ʃ, on the horizon from H 


to A, and to A bring the quadrant; laſtly, 
bring the meridian which paſtes through = 


to the point G marked on the quadrant, 


and the arch PG, 114” 30ʃ, will be the 
meaſure of the required ſide BD, and the 
equatorial arch A G, 639 51“ is the mea- 
ſure of the angle BDC, equal to the angle 
GPZ: the other angle may be found as 
before ſhewn, art. 332, 339. 


CAS Þ I; 
PROBLEM LXXIV. 
Two angles and the included fide 
given, to find the reſt. 


In the oblique angled triangle TON 
fig. 32, are given 


i BC 
The angles ; BDC 62 7 the wag BD 


342. Fig. 30. Number the fide CD, 56? 


The fide 8 55 40 (che angles DBC 
Bla find ö 


40%, from P to Z, and bring Z into the 


ird 
Zenith, 
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zenith, and fix the quadrant there alſo, 
count the angle BDC, 62? 51“ on the 
equator, from = to E; number the angle 
' BCD, 1255 300, upon the horizon from H 
to A, and bring the quadrant to A; then 
PG, 114? 30“, will be equal to BD the 
required fide, G Z 83? 13“ equal to the 
other required ſide BC, and the angle 
PGZ equal to the angle DBC, * be 
found * art. 332, 339. 


PROBLEM LXXV. 
Three ſides given, to find the angle. 


In the oblique. angled triangle B CD, 
bg 32, are given 


BO 83 13 ge 
The ſides 15 56 40 f to find the angles U CDB 
| BD 114 30 DBC 


343. Fig. 30. Number the fide C D 569 
40', on the ſtrong braſs meridian from P to 


Z, bring Z into the zenith, and to it fix the 


quadrant of altitude; count the fide BD, 
114 30/ on the meridian, which paſſes 
through = from P to G, and the ſide C 8 


Celeſtial and Terreſtrial Globes. 303 
8321 3/. upon the quadrant from Z down=- 


wards to G, then move the globe and qua- 
drant, until the two laſt points coincide. 
The arch HA 125” 20' on the horizon 
will be the meaſure of the angle PZG, 


equal to the required angle BCD, the arch 
Es of the equator 825 15/ is the meaſure 
of the angle G PZ, equal to the angle 
BDC. Thus having found two of the re- 
quired angles, the third * be found by 


art. 332, 339. 
CASE V 
PROBLEM IXXVI. 
The angles given, to find the ſides. 


In the oblique angled triangle B CD, 
fig. 32, are given 


(BCD 125 20 CBC 
The ade. DB 62 5 90 find the 6ees CD 
D3C 48 313 : DB 


344. This caſe may be reſolved as the 
fifth caſe of right angled ſpherical triangles, 


art. 336, by converting the angles into fides, 


then 1inding the angles as in the laſt pro- 
| blem, 
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blem, Sr the angles in the converted 
triangle will be the ſides required in this. 
Having ſhewn how to ſolve all the caſes 
in right and oblique angled ſpherical tri- 
angles, we proceed to ſhew the extenſive 
uſe. of the globes in the ſolution of a few of 
the principal aſtronomical problems, ac- 
cording to Dr. Flamſted's doctrine of the 
ſphere; and as we do not know theſe have 
ever yet been applied to the globes, hope the 
reader will think them both entertaining 
and uſeful. | 


* | The | 


uit and Terreftrial Globes. 304 


The Uſe of the Globes in the 
Solution of ſpherical Pro- 
blems. | 


PROBLEM LXXYIL 
Grvex, the ſun's place in the 
ecliptic in & 12 15˙. The in- 

clination of the planes of the 
equator and ecliptic, 237 29. 


To rix p the ſun” $ right aſcenſion 
from the firſt point of Aries, the 
_ ſun'sdiſtance from the north pole 
of the world, and the angle which 
the meridian, paſſing through the 
ſun at that place, makes with the 
Ecliptic. 
345. Fig. 34. The circular ſpice marked 
„ , V8, Y, repreſents the ecliptic, e its 
pole, P the north pole of the world, ele- 


vated 662 degrees above the firſt point of W. 


The eye is ſuppoſed to be placed directly 
| X over 
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over the point e, when the reader compares 
this figure with the globe” 

Make a mark O, at 12 15' in Taurus, 
to repreſent the ſun's place in the ecliptic, 
and turn the globe till that metidian which 


paſſes through = interſects the point &; it 


will then repreſent the ſun's meridian at 


| that time 3 f 
The globe being thus redified, we Ms 


between the ſun's proper meridian P &, and 


the ſolſtitial colure W P V8, here repreſented 
by the ſtrong: braſs meridian,” with the arch 
© S, a 7 triangle © S P, right- 


angled at S, in which we have the follow- 


ing data. See fig. 34. 


S & 47 45%, the completnent of Y S, 
which is the ſun's diſtance from the firſt 
point of Aries. | | 

S P 66 315 the complement of P 6 230 
29%, the diſtance of the poles of the _ 
tor and ecliptic. 


To find the angle S P ©, the 1 


of © P Y, the ſun's right aſcenſion from 


the firſt point of Aries, art. 202. 


The fide PG, che fan's diſtance from the 


| Ga pole of the world. And 


The 
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The angle 5 © P, which is the angle that 
the meridian paſſing by the ſun makes 
with the ecliptic, 


We obtain the . of the firſt, by | 


numbering the degrees upon the equator, 


between the ſtrong; braſs meridian, and that 


which paſſes through =, which are equal 
to 50” 12/, its complement ; 39? 48' is the 


ſun's right aſcenſion, which is that angle at 


the pole formed by the proper meridian 
© P with the meridian Y P. 

Note, This arch of the equator could 
not be repreſented in fig. 34, it being under 
the broad paper circle ; but the reader will 
ſee it plainly when the globe is thus recti- 
fied. | | 

The quantity of the ſecond poſtulatum; 
which is the ſun's diſtance from the neareſt 
pole, is found by inſpection, 74 27! upon 
the arch P of that meridian paſſing thro” 
=, its complement P i, equal to 15” 33“ 
is the diſtance of the north pole from the 
edge of the illuminated diſc, repreſented 
upon the globe, as in fig. 34, by the ſemi- 
circle feg, the black line fe being the 


CO of altitude, and the other dotted. 
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358 Drſeription and Uſe of the 
half eg being ſuppoſed; or, if the reader 
pleaſes, he may repreſent it with a ſtring. 
This complement Pi is, by Mr. Flamſted, 
called the reflection, and is ever equal to 
the ſun's declination. 

Laſtly, the meaſure of the angle S © P, 
is obtained by ſcrewing the quadrant to e, 
the pole and zenith point of the ecliptic, and 
counting 90 degrees from & to f; thither 
bring its lower end, then will the arch & i 
be a quadrant alſo; and the quantity 72® 
Icf, counted from f to i, upon the quadrant 
of altitude, s the meaſure of the required 
angle S & P, formed by the meridian i P 5 
with the ecliptic 2 S &. 


| PROBLEM 
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PROBLEM LXXVIII. 


rr 


Given, the ſun's place in the eclip- 
tie 8 13 1 the refle gion or 
declination 15 330, and latitude 
of the place, ſuppoſe bannen 
ee "os 

To find the time of the ſun's riſing 
and ſetting; the length of the 
day and night; the amplitude of 
the riſing- ſun from the eaſt, and 

of the ſetting- ſun from the welt ; 
and that of the path of our ver- 
tex in the edge of the illyminated 


iſc. oy 
A 

21 7 "4 

1. 4 

IT 


240 Fig. 35. Elevate P, the pole of the 
globe, to 15? 33', the ſun's declination, 1 
above the plane of Bd G1, the circle of 1 
illumination: count the ſame quantity from 
A, the equator to, , at which point fix the 
quadrant of altitude ; this point will repre- 
ſent the ſun's place ; make a mark upon the 


globe on that meridian which paſſes throug 2 
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= at 519 32“ the given latitude this will 
expreſs a point in the path of the vertex of 


London: bring this point to the edge of the 


diſc at B, and ſet the lower end of the qua- 
drant thereto: B is that point in the diſc 
from which the ſun is ſeen to riſe, or where 
the vertex of London in its diurnal motion 
from weſt to caſt, paſſes out of the obſcure 
into the enlightened part of the diſc; i Pd 
is the ſun's proper meridian, which is re- 
preſented in this by the ſtrong bras meri- 
dian. O is the place at which the vertex 
of London arrives at noon, being 519. 32 
from Z the equator to O, and G the place 
in the diſc, from which the ſun is ſeen to 
ſet, or where the vertex paſſes out of the 
illuminated into the obſcure part of the diſc, 
BOG is the diurnal, and G—B, on the 
other fide of the diſc, (not here repreſented, 
but to be ſeen upon the globe) is the noc- 
turnal part of the path of London. 
If you bring the mark on that meridian 
which paſſes through = to the point G, and 
the quadrant of altitude to the fame point, 
it will be plain that we ſhall have two tri- 
angles formed on each fide of i P, the 
ſun's proper meridian, viz. # PB, BiP, 
. 4 on 
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on the or 1ental or aſcending fide, and * PG, 
1 PG, on the occidental or deſcending fide. 
| In either of theſe. four triangles there are 
ſufficient data to find What is required in this 
problem. In the triangles © PB, & P. G, 
are given, & P in both, the ſun's diſtance 
from the pole, PB, equal to : PG, the dib- 
tance of the vertex from the pole, which is 
always equal to the complement of the la- 
titude, with the ſides B, G, each Fax 
to 90 degrees. 
_ To find the angle PB o, or P. G „ the 
ſun s amplitude from the north, when riſing 
or ſetting; and the angle PB, or © P.G, 
the time before noon. But as the two- laſt 
mentioned angles are obtuſe, | we chuſe to 
reſolve this problem Dy one of the two leer 
e men er at i, in in which are a Pi, 
the reflection, 15” 337 equal to the decli- 
nation, BP, equal to PG, 382 28', the 
diſtance of the pale from the vertex. 

To find the angle P Bi, or P Gi, the 
complement of 5 B i, or Gi, the ſun's 
amplitude at riſing or ſetting from the caft 


or welt, and the angle 1 P B, equal to the 
e iP G, which are formed between the 
X 4 ſun's 


4 an * 


31 Defeription and Uſe of the \ 
ſun's proper meridian, and that which paſſes 
through the vertex at ſun-rifing or ſetting : 
this changed into time, expreſſes the time 
from midnight, of ſun- riſing and ſetting. 
The fide B i is called the amplitude of the 
path of London in the edge of the diſc, and 
theſe are AE from the globe as Tot 
lows. | 

The meafure of the angle B Pi 1 is obtain- 
ed by inſpection, reckoning from = upon 
the equator to the ſtrong braſs meridian, 
which is 969 317: if reduced to time, it is 
4 h. 38 min. in the morning, at which time 
the ſun riſes at London, when he is in 5 
TE” — , and confequently ſets at "ug 22m. 
afternoon. See art. 249- | HDi 
The quantity 3 5 38/ of the OI 
fide Bi, is obtained' by inſpection between 
B and i, upon the edge of the dic. 
The meaſure of the angle PBi may be 
attained as follows: every thing elſe remain- 
ing as before, bring the graduated edge of 
the moveable meridian to the firft point of 
on the ecliptic ; then count the' comple- 


ment 54® 22“ of the fide Bi, from i to x, 
where make a mark; and count the com- 
plement of BP, 51“ 320 from P. to y, upon 

of 1 the 
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the moveable | meridian, where make another 
mark; remove the quadrant of altitude, and 
apply it between theſe two marks, and the 
quantity 2 5 31“ is the meaſure of the angle 


PB i, art. 327. This is the ſun's amplitude 
, 5 the eaſt, or N. E. Fa. 1/ eaſterly. 


PROBLEM LXXIX. 


N the latitude of the 9 51 
32, or rather its complement 
389 280, which is the diſtance of 


the path of the vertex from the 


pole, and the ſun's diſtance from 


the pole, 74 27, which is the 


„ of his declination 


15 33“ 

To find the fan's diſtande Hm Ie 
vertex at the hour of fix, and his 
amplitude at that time. 

337- Fig. 35. Elevate P, the pole of the 


globe, to 15* 53/, the declination ; bring the 
moveable meridian to that which pales 


wee London; flide the artificial horigon 
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_ the globe till the fixth hour upon the 
equator comes under the graduated fide of 
the ſtrong braſs meridian; then the moye- 
able meridian, together with that which 
paſſes thro' =, will repreſent the fix oclock 
hour- circle FE PA g; fix the quadrant of 
altitude to 155 33/, at the point &, counted 
from the equator ; turn the quadrant to 
the point K, which repreſents the center of 
the artificial horizon, and the proper tri- 
angles will be formed. _ 
In the right angled 88 . 
AP e, KPS, right angled at P, are given 
P K, equal to P A, 389 287, the diſtance 
of the vertex from the pole, P, the path's 
diſtance from the pole 74% 27. To find 
2 K, or # A, the ſun's diſtance from the 
vertex at the hour of ſix, and either of the 
angles, S AP, or K, the ſun's azimuth 
from the north at the ſame time. 
It is plain that P, being the ſun's pro- 
per meridian, FP g at right angles to it, 
muſt be the hour- circle of ſix in tbe morn- 
ing and evening, and that the ſun riſes, 
when the vertex B comes in the weltern 
edge of the ſun's enlightened diſc. Therefore 
| it 
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it muſt be at K, at fix o'clock in the morn 
ing; ; at noon the vertex will be at O ), upon 
OP, the ſun's proper meridian ; and at fix 


in the evening it will be at A, upon the fix 


o'clock hour circle again; and when the 
vertex arrives at G, upon the eaſtern edge 
of the diſc, the ſun will be ſeen to ſet weſt- 
ward of the vertex. 

The required ſide oK, 3 is the ſun's 
diſtance from the vertex, is found by count- 
ing the quantity 770 53“ upon the quadrant, 
from © to K; and the angle & K P, 80 
11/; the ſun's azimuth from the north may 
be meaſured by producing the ſide K &, to 
90 degrees from K to m, (art. 327.) the 
fide. K P being already produced on the 
other {ide of the ſtrong braſs meridian, KP 


is known to be 9225 280; therefore count 
its complement 647% 32 from, P to n, upon 


that meridian which paſſes through =, and 
there make a mark ; now remove the qua- 


drant of altitude to cut the oppoſite point 
of the horizon to that at which it ſtood be- 


fore, and count thereon from down- 
wards 125 07/ to m, where make another 


mark; then an arch of a ext circle applied | 
ta 
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316 Deſcription and Uſe of the 
to theſe two marks will give 802? 11', the 
ſun's azimuth from the north. 
Note, A flexible ſemicircle of poſition, if 
applied with the quadrant of altitude, will be 
found uſeful in this and many other caſes, - 


PROBLEM LXXX. 
Ta find the ſun's diſtance from the 
vertex when due eaſt or weſt, 
and the hour, or time from noon, 
when he ſhall be in either of theſe 
„ 
348. Fig. 3 5. The north pole of the globe 


being elevated to the ſun's declination, as 
in the laſt problem, and the quadrant fixed 

at G as before, the moveable meridian placed 

on that of London, and the center of the 

artificial horizon ſet to the ſame point; 

turn the globe ſo that the graduated edge 

of the quadrant may lie upon the eaſt and 

weſt points of the artificial horizon, and the 

triangle # KP will be formed; in which 

is given © P, the ſun's diſtance from the 
pole 74? 27“; PK the diſtance of the 

path from the pole, 38* 21'; K, the 

va | ſun's : 
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| ſun's diſtance from the vertex, when due 
eaſt and weſt, may be found by inſpection, 

counting from & to K upon the quadrant, : 
70® o': the meaſure of the angle & PK 

is alſo obtained upon the equator, counting 
from that point where it is croſſed by the 
quadrant of altitude, to its interſection with 

the graduated fide of the Atrong braſs meri- 
dian, 77? 53“/ in time 5 h. 9 min. from 
noon, which is 51 min. paſt 6 in the morn- 

ing; or at 9 min. paſt 5 in the afternoon, 
when the ſun is due eaſt or weſt. 

The ſun's diſtance 70? o' from the ver- 
tex as found above, when due eaſt or weſt 
ſubtracted from go degrees, leaves 20 deg. 
which is its altitude above the horizon at 
either of theſe times, for & v, & w, are 
quadrants, from which if we take K in 
the firſt, or & A in the ſecond, it is K v 
in one, and Aw in the other, equal to the. 
ſun's height. | 
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PROBLEM LXXXI. 


Given the hour from noon; V2. 81 in 
the morning, which is 4 hours 
from noon, and the ſun's diſtance 
from the pole, 74 27 


To find his diſtance from the vertex: 


349. Fig. 35. Elevate P the pole of the 
globe to the ſun's declination, 15 33“; ſet 
the moveable meridian to the vertex of Lon- 
don, and flide the center of the artificial 
horizon to that point at K, and turn the 
globe until the eighth hour-cirele marked 
upon the equator comes under the graduated 
fide of the ſtrong braſs meridian; the qua- 
dtant of altitude being fixed at the point &' 
as before, turn it to the point K, and the 
triangle & PK will be formed; in which 
is given the angle K P, four hours from 
noon, PK, 389 28' the diſtance of the 
path from the pole; £ K the ſun's diſtance 
from the vertex will then be found, by in- 
ſpection on the quadrant, counting from © 
to K 59? 20. 


PROBLEM 
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PROBLEM LXXXIL 
Given the ſun's diſtance from the 
pole 74 277 the latitude of the 


place 15 32/, and the ſun's diſ- 


tance from the vertex by obſer- 


vation, 46* 11, 


To find the time of the day when 
that obſervation was made, and 
the azimuth upon which the ſun 
was at that time. 


1 50. Fig. 35. Elevate P, the pole of the 


globe, to 1 52 33! the complement of the ſun's 
diſtance from the pole ; bring the moveable 
meridian to the vertex of London, and ſlide 
the center of the artificial horizon to that 
point: then ſcrew the quadrant to & the 
zenith of the illuminated difc, and bring 
its graduated edge to London; and move 
the globe and quadrant, that the vertex may 
cut the quadrant at 469 11/, the obſerved 
_ diſtance counted from & to K; and an ob- 
lique angled triangle K P will be formed 
"om the globe, in which we have three 
ſides 


3 80 
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fides given, © P, 74 27! the ſun's diſtance: 
from the pole, i K his obſerved diſtance 
from the vertex 46 11” in the morning, 
and K P 380 28/ the diſtance of the pole 
from the vertex: to find the angle KP 8 
cdunt the quantity contained upon the equa- 
tor, between the moveable and ſtrong braſs 
meridians, which will be found 362? 230, or 
2h. 25m. in time from noon, which is 35 
minutes paſt g o'clock in the morning. 
The angle PK © may be meaſured by 
producing the arches which include the 
angle to the diſtance of go deg, from the 
angular point as in art. 332. or by art. 339. 
and it will be found 127 40“, or 11 points 
of the compaſs from the north, reckoned 
round by the eaſt, or SEbE, 39 35 
ſoutherly. 

If the obſervation Page been made in the 
afternoon, at the ſame height or diſtance 
from the vertex, the anſwers would have 
been the ſame, but in a contrary. direc- 
tion, | Wo 11 
By this problem we may regulate our 
clocks at any time of the day, without ſtay- 
ing till the ſun comes to the meridian; if 
the ſun's altitude be taken by a large qua- 

_ drant, 


— 
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drant, and you note the time by the clock 
when the obſervation was taken, and the 
true time anſwering thereto be found as 


above, or by calculation, the difference be- 
tween this and the time pointed out by the 
clock at the inſtant of obſervation will ſhew 
how much the clock is before or 1 
the ſolar APPAreRt time. 


| PROBLEM LXXXIII. 
Given, the latitude of the place 515 
325 the ſun's place 8 1 2? 78 


the ſun's right aſcenſion, 397 480, 


at one o'clock afternoon, being 
the time when an obſervation was 
made : 
To find, what point of the ck 
culminates upon the meridian, 
which is the higheſt point of it, 
or the goth degree from the points 


wherein it interſects the horizon, 


and conſequently thoſe points 


themſelves; the diſtance of the 


| nonageſimal and mid - heaven 
8 points 
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322 Deſeription' and Uſe of the 
points from the vertex ; and the 
angle made by the vertical circle 
paſting through the ſun at that 
time with the ecliptic. Pg 


351. Fig. 34. Elevate P the pole of the 
globe to 667 degrees, count the ſame quan- 
tity from Æ the equator to e, there fix the 
quadrant of altitude; this point e, will then 
be the pole of the. broad paper circle marked 

” > vs, which now repreſents the * 
tic, in which at & put a mark, at © 12“ 
1 5 / for the place of the ſun; bring the gra- 
duated edge of the moveable meridian firſt 
to the vertex of the given place, in this ex- 
ample London, and bring the center of the 
artificial horizon thereto ; next ſet it to the 
point marked G, and the horary index to 
that XIIth hour upon the equator which is 
molt elevated, and turn the globe until the 
given time one hour from noon comes under 
the horary index. Then fet the graduated 
edge of the quadrant of altitude to the ver- 
tex at E, and the globe will be rectified for 
a ſolution of this problem, in which we 
have two ſpherical triangles, P © D, and 
ePFE. 1 
5 E is 


Celeftial and Terreftrial Globes. 323 


E is that point in the path on which the 


vertex is at one o'clock afternoon ; D, that 
point of the ecliptic which then culminates 
upon the meridian E & S, the angle made 


by E & the vertical circle then paſſing thro' 


the ſun with the ecliptic ; the point T in 
the ecliptic, which is cut by the. quadrant 
of altitude paſſing through E, is evidently 


the neareſt point to the vertex, or the high- 


eſt or nonageſimal point of it. E T is the 
diſtance of the point T from the vertex E, 
and ED the diſtance of D from the vertex, 
which is the point culminating upon 
the meridian. 

In the triangle D's P, is given the ande 

S PD, the complement. of Y P D, which 
is the right aſcenſion of the mid- heaven, 
the ſun's given right aſcenſion 39? 48”, 


agreeable to the ſun's place 8 120 15), at 


noon, to which the addition of 155 for one 
hour after noon, as we did above in recti- 


fying the globe, makes the angle Y PD 
54? 48' the preſent right aſcenſion of the 


mid-heaven and PED the meridian at that 


time; PS 669 31/, and the 1 at S 
right. 
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I. To find S D, the complement of 
D, the longitude of PD, the mid- heaven 
from the firſt point of , which is obtained 
on the ecliptic here repreſented by the 
broad paper circle between points & and D, 
32? 54/, or between Y and D, 57? 6/, the 
longitude itſelf, which is 27 deg. 6 min. in 
Taurus. D is that point of the ecliptic 
which culminates upon the meridian at that 
ume, whence we may readily find what 
points of the echptic riſe and ſet at that 
time. 
The quantity 70? 27 contained between 
P the pole of the globe and D upon the 
moveable meridian, is the diſtance of D the 
mid-heaven point from the pole ; if we 
deduct PE 38.28, or count the quantity 
between D and E, we ſhall have 312 59/, 
the diſtance of the point D in the ecliptic 
which now culminates on the meridian from 
the vertex E, its complement to go degrees 
being 58 / is the height of the ecliptic 
at this time, or the inclination of the eclip- 
tic to.the horizon of the place. 
II. To find S T, the complement of 
* . which is the Ee of the nona- 
eimal. 


Celeftial and Te reftrial Globes. 32 5 
geſimal, and FE 28 diſtance from the 
vertex. 

In the oblique . ſpherical triangle 
Pe E, are given Pe 23? 29', the diſtance 
of the potes of the equator and ecliptic, PE, 
38 28“ the co-latitude with the included 


angle e PE 144 48', the complement of 


35 12“ the diſtance of the mid- heaven 
from the firſt point of S to 180 degrees. 


The meaſure of this angle is obtained upon 


the equator between the — braſs and the 
moveable meridians. 


To find the angle Pe E, as it is included 


between S e, the ſtrong braſs meridian, and 
e T the quadrant; we have its meaſure 
24 44 upon the arch S T of the ecliptic, 
its complement 65 16“ is Y T, the longi- 
tude of the nonageſimal from the firſt point 
of Aries, or 5 16“ its diſtance ET from 
the vertex E, is gained on the quadrant of 
alitude 319 2“, the complement of which 
582 58/ is the altitude of the echptic above 
the horizon at this time; or it is the angle 
which the planes of the ecliptic and horizon 
make with each other; as T is the higheſt 
point of the W on at this time, and its 
longitus in E 5 10/, three ſigns or go 
Y 3 : degrees 
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degrees counted on the broad Paper circle. 


from T towards x will give m 5® 16/ for 
that point of the ecliptic which is then riſing, 


and the ſame quantity counted from T to- 


wards y will fall upon * 5 16% ich 
point is then ſetting. . 


III. To find the angle E 0 T, FL that 


which a vertical circle E © paſling through 
the ſun at that time makes with he ecliptic ; 
this is called the parallactic angles: 

Jo repreſent. this angle upon the globe, 
it! is neceſſary to have a flexible ſlip of braſs, 
or a ſlip of parchment about the breadth 
of the quadrant of altitude, with the diviſi- 
ons inſcribed on it with a pen; if this ſlip 
be applied to the point 0 and its graduated 
edge laid over the vertex E, and extended 
to the quadrant of altitude firſt removed to 


x 90 degrees from G, it will interſect the 


quadrant at w, the quantity upon the qua- 
drant, from x to w, will be 569 29/, the 
meaſure of the parallactic angle E & T. The 
reſult of this problem is as follow: 
That point of the ecliptic which 922 

minates on the meridian is 75 27960, 
diſtance from the vertex 319 59/, the 0 
or nonageſimal point of the ecliptic, = 
1 £7 5 165 
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52 16/, its diſtance from the vertex 3E 2 
the riſing point of the ecliptic * 5? 16, its 
ſetting point X 5 10', the diſtance of the 
nonageſimal from the mid-heaven 89 10%, 
and the paral lactic angle at this time 56% 59/. 


PROBLEM LXXXIV. 


Given the latitude of the place, 


right aſcenſion and declination 
of any point of the ecliptic, or 
of a fixed ſtar; 


To find its riſing or ſetting ampli- 


tude, its aſcenſional difference, 


and thence its oblique aſcenſion. 


352. Fig. 36. Elevate P, the pole of the 
globe, to 51* 32, the latitude of Lon- 
don; then the diurnal parallel of the *:{t 
point of Cancer will be repreſented by 
S F, the tropic of that name, marked 
Se F, in fig. 36, bring the firſt point. of S 
on the ecliptic line to the graduated edge of 
the ſtrong braſs meridian, and e will be the 
point where it riſes ; to this point bring the 


Y 4 repre- 


Sraduated edge of the moveable meridian, 
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repreſented in the figure by Peg p, then 
ae, upon the horizon at H O, or the angle 
a Z e, from the angular point Z m, the ze- 
nith will be its riſing amplitude, from the 
_ eaſt at Aries, towards the north point of the 
horizon at o, and ag, determined by the 
moveable meridian, which now repreſents 
a circle of right aſcenſion paſſing through 
the points e and g, and the horizon its aſ- 
cenſional difference, which ſubtracted from 
its right, leaves its oblique aſcenſion. 

The aſcenſional difference is the difference 
between that point of the equator, which 
culminates upon the meridian, with the firſt 
point of Cancer, and that other point of 
the equator which riſes with it above the 
horizon; it is here ſubtracted, to find the 
oblique aſcenſion; becauſe that point of the 
equator which riſes with the firſt point of 
Cancer, comes to the horizon before the 
point of its right aſcenſion, or that point 

with which it culminates upon the meridian. 
In the triangle age, we have ge, the 
northern declination of the point e, in the 
diurnal parallel of the firſt point of Cancer, 
equal to 239 29, the angle gae, which 
is the ĩnelination of the planes of A the 


1071 33 e EL, equator 3 
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equator, and HO the horizon, with the 
angle at g right. Whence upon the horizon 
we obtain between a and e, 39? 507, the 
riſmg amplitude of the firſt point of S, 
which is N E b E, and 59 20 more. Upon 
the equatcr, from a to g, we find 332 9, 
the aſcenſional difference of the firſt point 
of Cancer: which ſubtracted from go deg. 
the right aſcenſion of that point, leaves . 
51“, its oblique aſcenſion. 

Every thing elſe upon the globe remain- 
ing the ſame, if we bring the moveable 
meridian to the point n, where the tropic 
of Capricorn interſects the horizon, we 
ſhall have another triangle a bn, equal to 
the former, wherein the firſt point of Capri- 
corn has the ſame amplitude 23® 29/ from 
a, in the eaſt, to n, towards , the ſouth 
part of the horizon, that the former tri- 
angle had towards the north; and this 
added to the right aſcenſion of the firſt point 
of Capricorn, 270 oo', gives its oblique 
aſcenſion 3039 og/, becauſe that point of 
the equator which riſes with the firſt point 
of Capricorn comes to the horizon after the 
point of its right aſcenfion, or that with 
| BRING it culminates upon the meridian. - 

| 353- Note, 
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353. Note, Every ſtar which riſes with 
any point of the ecliptic has the ſame oblique 
aſcenſion with that point. 

The ſtar marked v, in the leg of the con- 
ſtellation Bootes, of the fourth magnitude, 
which is repreſented in fig. 36. at the point 
X, having its north declination f & 179 21% 
its aſcenſional difference af, riſes above the 
horizon with the ſame point of the equa- 
tor with which e, in the diurnal parallel of 
the firſt point of Cancer, riſes. So that hav- 
ing its right aſcenſion 204®, and declina- 
tion 179 21', its aſcenſional difference and 
oblique aſcenſion may be found in the tri- 
angle af &, in the ſame manner in which 
the former were found in the triangle 


Sg . 


As the afcenfional difference 1s ſubtracted 
from the right aſcenſion to find the oblique 


_ aſcenſion, if it be added to the right aſcen- 


fion it will give the oblique deſcenſion. For 
that point of the equator which ſets with 


the diurnal parallel of the firſt point of 


Cancer, comes to the horizon before the 
point of its right aſcenſion, or that with 


which it culminates upon the meridian. 
Hence we have another method of finding 


the 


Celeſtial and Terreſtrial Globes. 331 


the length of the day at London, or elſe- 
where, when. the ſun is in the. firſt point 


of Cancer, or any other parallel of his de- 


Clination, viz. | 

354. Subtract the ſun's aſcenſional dif- 
ference in time from fix in the morning, 
the reſidue is the time of his riſing; add it 
to fix in the evening, and it gives the time 


of his ſetting ; then doubling the firſt, you 


obtain the length of the night, and the 
double of the laſt will be the length of the 
day. And after this manner all theſe par- 
ticulars may be found to every intermediate 
point of the ecliptic in all latitudes. 


As the riſing and ſetting of foie of the 


principal fixed ſtars are mentioned by an- 
cient writers, as Criteria, by which to judge 
of the commencement of ſeaſons, and the 
beginning of times ſet apart for religion, 
huſbandry, politics, &c. we have judged it 
neceſſary to add the following problems, 
as a farther elucidation of the two former, 
art. 302 and 303, 
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PROBLEM LXXXV. 
Given, the latitude of the place, the 
points of the ecliptic with which 
a ſtar riſes or ſets, and the altitude 
of the nonageſimal, when thoſe 

points are upon the horizon: 


| To find in what points of the eclip- 


tic the ſun muſt be to make the 
ſtar when riſing or ſetting appear 
juſt free from the ſolar rays; and 
thence the times of its heliacal 


riſing and ſetting. 


35 Fig. 36. Elevate P, the pole of the 
globe, to the latitude of the place, and fix 
the quadrant of altitude in the zenith at 
Z, and HO will repreſent the horizon. 
Torn the globe until the given ſtar juſt ap- 
pears. at & in the edge of the horizon, and 
a will be that point of the ecliptic in which 
the ſun muſt be when the ſtar riſes and ſets 
with it: Let us ſuppoſe the ſtar at & to be 


| of the firſt magnitude, which requires that 


the 
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the ſun ſhould be depreſſed: 12 degrees be- 
low the horizon, that the. ſtar may appear 
free from the ſolar rays: having noted the 
point a, on the- ecliptic, move the quadrant 
until the 12th degree below the horizon 
interſects the ecliptic at s, then Zs.will 
repreſent a vertical circle, in which the ſun 
at s is depreſſed 12 degrees. | 
So in the triangle aCS, right angled at 
C, we have the ſides CS, 12 degrees, the 
requiſite depreſſion of the ſun below the 
horizon, to free the ſtar from his rays, or 
that point of the ecliptic at S, to make the 
ſtar at & firſt heliacally viſible when it riſes, 
or from which we may ſee upon the other 
fide of the globe when it ſets heliacally. 
The angle SaC is the altitude of the 
nonageſimal, or inclination of the planes of 
the ecliptic and horizon; and the angle at 
C right, being formed by the interſection 
of a vertical circle with the horizon: the 
meaſure of the angle Sa C, is obtained by 
inſpection on the braſs meridian from O 
to V, the point in which the tropic of Ca- 
pricorn cuts that circle; the fide a 8, being 
an arch of the ecliptic, through which the 
ſun 1 from 0 time mr ſtar at v riſes 
with 
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with him to its heliacal riſing, or an arch 
of the ſame quantity on the other ſide of 
the globe, through which the ſun muſt 
have paſſed from the time when the: ſtar 
ſet heliacally, to its ſetting with the ſun, 


which, as in the former caſe, added to the 


point of the ecliptic, in which the ſun is 
when the ſtar riſes with him, gives the point 
he is in at its heliacal riſing; and in the 
latter caſe ſubtracted from that point of the 
ecliptic the ſun is in when the ſtar ſets with 


him, leaves the point he is in at the ſame 


ſtar's heliacal ſetting. 


Thus having — the polnis EF the. 


ecliptic in which the ſun muſt be when any 
ſtar riſes or ſets heliacally, againſt thoſe 
points in the kalendar, on the Sqrizon, you 
obtain the month and day. Ln 

As the diſtances of the fixed Ale from 
one another have been found the ſame in 
all ages, it is probable they have no real 
motion of preceſſion, but only an apparent 
one, cauſed by the retroceſſion of the equi- 
noctial points, which are found to recede 
from their ancient ſtations at the rate of 50 
ſeconds every year; this alters their longi- 
tude, but their latitude does not vary : hence 
their 
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their places being once determined to a 
known year, their longitudes may be aſcer- 
tained for any time paſt or to come, by 
the ſole ſubtraction or addition of ſo many 
times 50 ſeconds, as there are years between 


that to which the given ſtar is rectified, and 
that to which it is required; or knowing 
the quantity of preceſſion from any former 
period, the diſtance thereof in time may be 
obtained, by reducing it into ſeconds, and 
dividing the reſult by 5o, the quotient will 


give the number of years, as in the follow- 


ing examples. 


Exanyie I. 
Given; 1908 years. To find the quantity 
of the preceſſion for that time. 


1908 years 


Multiply by = - 50 ſeconds. 


6a)95400 
bo) 1590 


Andes + 26? zo! preceſſion ' in 1908 
years. 
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EXAUT IE II. 


- Given, 260 30% the e of the pre- 


ceſſion to find the time. 
146 
OY 25 60 


1 590 minutes. 
| Multiply by. 60 


Divide by 50)95400 ſeconds. 


Anſwer - 19098 years. 
The regular change in the preceſſion of 
the fixed ſtars, or rather the conſtant retro- 


greſſion of the equinoctial points, ſeems to 


cauſe an irregular variation in their right 


| afcenſions and declinations, more or leſs, 


according to their diſtances from the pole 
of the ecliptic. Whence it may not be 


improper to ſhew how theſe may be found, 


as the coſmical, achronical, and heliacal 
riſings and ſettings of the fixed ſtars, found 
by the preceding problems, have reſpect 
only to the preſent age: and the following 


problem, with which I ſhall conclude. this 


treatiſe, will ſhew the reader how to deter- 
mine the ancient place of any ſtar agreeable 
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to the time of ancient authors, if their e 
| . my be | 


| «ork = % py os 74 64 8 
1 1 8 #5 4357 ; 2 
* „ 212 4 in . 2 4 i . * 2 ll * 7 8 * 7 * 


Given tue latitude 4 ancient "OE | 
1 _ gitude « of a fixed ſtar. 1 


70 find its right. aſcenſion and de- 


FClination. | 


Elevate the celeſtial globe to 663 es 
bring the pole of the ecliptic into the zenith, 
and there fix the quadrant of altitude; > _ 
apply its graduated edge to the given ſtar, 
and it will cut its preſent longitude, either 
on the ecliptic or broad paper circle, Which 
in this poſition of the globe coincide with 
each other: make a mark on the quadrant, 
at the latitude of the given ſtar, and remove 
it to its ancient longitude, as found above; 
then bring the graduated edge of the move- 
able. meridian to the mark juſt made upon 
the quadrant of altitude, and ſet the center 
of the artificial ſun to that point which will 
then repreſent the ancient place of the given 
ſtar. That point of the moveable meridian, 
re Z upon 
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upon which the center of the artificial ſun 
was placed, is its ancient declination; and 
that point of the equator, cut by its gra- 
duated edge, is its ancient right aſcenſion. 

The globe being thus rectified to the 
place and proceſſion of any particular ſtar, 
as given us by ancient authors, the times of 
the year when ſuch ſtar roſe or ſet, either 
coſmically, achronically, or heliacally, may 
be thus obtained by the preceeding problems, 
agreeable to the pers of "hs author under 
conſideration. 8 


A TakLII 
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A TABLE of Retroceſſion and Autumnal 


Equinoxes. 
Retroceſſion. Autumnil Equinoxes. 
Fears. D. H. M.] Days. II. M.“ 
6000 | 45 20 © || 2191454 4 Of 
5000 | 38 4 40 || 1826211 19 20 
4000 | 30 13 20 [ 1460969 10 40 
3000 | 22 22 o [1095727 2 0 
2000 | I5 6 40 730484 17 20 
_Icoo | 7 I5 20 355242 8 40 
goo | 6 21 O | 328718 3 0 
800 | 6 2 40 || 292193 21 20 | 
700 | 5 8 20 || 255669 15 40 
600 | 4 14 ©o |! 219145 10 ©] 
500 | 3 1y 40 182621 4 20 
400 3 1 20 [ 146096 22 40 
300 | 2 7 of] 109572 17 oÞ| 
200 1 12 40 73048 11 20 
100 | © 18 20 235524 5 40 
go | 0 16 30 32871 19 30 
80 | o 14 40 29219. 9 20 
754} o 12 50 25566 23 10 
60] 0 1x. © 21914 130 
60 9 10 18262 2 50 
40 0 7 20 14609 16 40 
30 © 5 30 10957 6 30 
20 | © 3 40 7304 20 20 
10 © 1 50 || 3652 10 © 
9 139 32857 4 21 
8 o 1 28 2921 22 32 
„ 2550 16 43 
64 0i fe 2191 IO 54 
' $5| ©! 055: - 1826 5 5 
4 | 0. 0.44 1460 23 16| 
* 1095 17 27 
4 0: @ 730 11 38 
IDE 
2 2 | 


340 Deſcription and Uſe of "the 


A TABLE of Months 


* 


— 1 


| 


Monday 


{ Tueſday 
Wedneſday 


Thurſday 
Friday 
Saturday - 
Sunday 


8 f | £ 
818 | N — 
37 2 2 
EEE ** 
3 AY [ 
A | 31 January 31 | 
F212 1-25 February | 59 
D | 3x | March | 90 
| G |.30 | April 120 
B | 31 I May 151 

E | 3o | June 181 
G13] July. - 212 
1 C | 31 | Auguſt 243 
{ F | 30 | September | 273 
| A | 31 | October | 304 
| D | 30 | November| 334 
[F | 3x | December | 365 | 


A TABLE of Weck-Days. . 


_ 


* 
Bhs 


" ths... 
„ 
1 


| Celeſtial and Terrefirial Globes. 341 


A TABLE of the Horary Difference in the 
Motion of the firſt Point of Aries at the 


Time of a Vernal Equinox. 


bt ie 


| 


. M. T5. 7 
M. S. FH. M. S. 1 
© 9 14 42 
0 18 4E 8 
DO 27 „ + 
o 36 5 
oO 1s 
54 2 
"TY: 33775: 
1 19 5 45 
1 22 54 
2 
1 40 6 72 
1 49 6 21 
1 58 6 21 
2 6 40 
2:10 4 6 49 
a. 25-1 6 58 
„ 1 
2 43 7 16 
2 53 * IS. 5 
3 Sn 1 — 
13 + IT. © 7: 43 
3 2 „„ 
3 292 3318 © 
Bo ly 8 8 
E344 5 8 17 
3759 5 8 25 
14 4 8 35 
4 1a + 8. 45 
4 22 : 8 55 
EIL 


$ 
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A TABLE of the Difference of the Paſſage 
of the firſt point of Aries over the Meridian, 
for every Day in the Year. 


0 | I. 
"ET Janvary. | February. | March, | ET 
£5 H. M. >. H. M. 8. H. M. 8. jy 
1 5 10 53| 2 58 46 x 9 50 
2 6 28 54 42 {0 7 14 
I%JCCVCVVTVVUTUÜVV!T!T!.. A@s| 2| 
| 4] 457-497. 40 37 2 3 
| 5|__5316| 42 36 54 58| 4] 
| 6] 4853] "38 36] 5116] 5 
{ 7] 443*] 3436] 4734] ©] 
| 8 40 9 30 37 4352 2 
191 3547 26 39 40 11 | 8 
110 31 26 22 42 30 30 |_9 | 
i 77 © 18 45 „ 
112 22 46 14 50 29 10 | 11 
{ 13 18- 27 IO 55 2 
14 14 9 23 
15 9 51 3 18 13 | 14 
| 
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Ih 
> April. | May. June. = 1 
[Hes H. M. 8. Q 
1 23 16 24 [ 21 25 1219 22 288 

2 12 46 21 23 18 22 | 1 
3 9 27 33 14 16| 2 
4 5 29 13 43 10 9] 3 

| 's.||::6xol; qa] 6 2114} 

i © | 22 58 11 6 © r55| 5 
17 5433] 2 8|18 57 48 ©}. 
8 Fo 5420 58 16 53 40 7 

1-9 47 14 54 23 49 32| 8 

[10 | 43 35 |___59 30 45 24 |_9 | 
11 39 35 46 35 | 44 15 10 

| 12 30 14 44 a0 „ 
13 32 33 38 44 32 57 | 72 
14 | 28 52 3 43 49 | 28 48 | 13 
157 Ay IT. 24 39 |_14, 
10 21 30 3 . 20 2915 

| BT: 17 47 22 56 16 20 | 16 

| 18. 24: 4 18 58 13S 22 |Þ 
19 | IO 21 14 59 C119 
20 6 38 11 2 3 51 19 
21 2 54 7 017 59 42 | 70: 
CWC 
23 55 26 | 19 58 59 51 23 | 22 

| 24 51 41] 54 58 47 14 | 23 

LILA 
26 44 9|. 40 53 38 55 | 25 

| 27 40 23 42 50 34 46 26 
28 36 36 38 46 30 37 23 
29 32 48 34 42 26 29 28. 
30 29 0 30 38 22 20% 29 | 
31 | | |< 20-33 | „ 
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II, 


Deſeription and Ups of the 


["E |__July. | Auguſt. | September. FX 
8H. M.S7 [HM S. H. M. S. 8 
11 17 18 11] 15 13 26] 13 17 22 
a |) ci 3 933] 1345| | 
13 n 16 $12} 
17 5 48 119 463 3 
{_5 141 [1457.58 | - 2 54 | 4 
{ 611657 34| 54 8| 1259174] 5} 
7] 33 28 5018 53 40 6| 
| 5]. 4 22 46 29 32 47 
9 45 17 |: 42 40 48 288 
| 10 41.12 | 38 52 44.52 [9] 
{EL 2197.7 3 5 | e 7 hoj 
1821 33 2] 38148 37 40 kr 
3 2 58 27 32 34 412 
144 24 55 23 46 30 2913 
| Is 20 52 20. I 26 $4 [14] 


53 58 
50 16 


46 35 


53 57 40 
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IV. 
2, | October. f November. | December. | 2. | 
a HH. M. S. H. M. 5. H. M. S. 
TTT | 
1 25 37 28 55 24 29 | 7. 
3 21 59 24 58 20 8.-þ-.#-1 
4 18 20 21 647-8: 
13 14 42 17 2 1 
8 11 RE 4-2 3 
24 7 23 9 3 240 5 
3 3 43 $ 434. 6 x8-19 + +: 
9 9 2 to! ca 
jo | 1256 211 85657 | 49 30|_2 
& 52 40 | $2 53 | 45 6 bo... 
I2 48 58 48 49 40 41 | TT. 
I3 45 16 44 44 36 15 | 12. 
14 41 33 40 3 31:50 | 13 
15 | 37.5% | o83tf} 27 26 124 
10% 34 0} 1 H3-83 22 58] 15 
17 30 21 28 14 18 3216 
18 26 36 24 5 14 517 
19 22 50 19 54 | 9 39 18 
1 19 4 15 44 5 13.2 
h F332 oO 4620 
122 11 29 7 19 56 19 | 21 
23 7 40 3 51 32 * 
24 „„ 47 25 23 
25 0-2 54 36 42 59 | 24 
2069 56 11 50 20 33 33 | 25 
27 52 20 45 4 34. 28 
28 48 27 41; 47: |. A 407 a7. 
29 44 34 37 29 25 14 28 
30 40 41 EL | 20 48 | 29 
31 30 47. 16 23] 30 
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INSTRUMENTS for GEOMETRY, 


DRAWING, &c. 


OCKET caſes of mathematical drawing inſtruments 
A ſmall magazine caſe of inſtruments 

A larger ditto 

Plain drawing compaſſes for meaſuring lines, &c. 

Drawing compaſſes, with a plain moveable point, a point 

for ink, a point for a pencil, and an additional piece 
ſor ſtriking large circles 

Circular, or bow compaſſes, for deſcribing ſmall circles 

Hair compaſles, for taking ſmall extents, or dividing lines 
with caſe 

Triangular compaſſes, for transferring three Points at 
once from a drawing 

Perſpective compaſſes, for aſcertaining the relative pro- 
portion of objects in a perſpeCtive view 

Proportional compaſſes, for dividing lines into a certain 
number of equal parts 

Beam compaſtes, for taking with accuracy large As 
deſcribing large circles, &c. | 

Elliptical compaſles 

Protracting compaſſes, for laying n or meaſuring 
angles to a minute of a degree 

Adams's ſectoral compaſſes. I heſe compaſſes ſerve the 
purpoſe of a ſector, of beam compaſſes, of elliptical 
ditto, of callipers, & c. with peculiar advantages 

Parallel rules, of various kinds and ſizes 

| Marquoi s parallel ſcales 

Adams's protracting parallel rule, for drawing parallel 


lines at any given diſtance, or given inclination, to 


another line. — Uſeful for laying down angles, 
_ dividing circles, me 
— A new 


eres . Ly 


5 
1 


Dy A CATALOGUE OF 


A new inſtrument for laying down diviſions on paper with 


extreme accuracy; being alſo in great meaſure a 
univerſal plotting ſcale 

Plain and plotting ſcales, of various ſorts and ſizes 

Sectors, of various kinds and hzes 

Square protractors | 

Plain circular protractors 

Circular protractors, with a nonius 

Horn protractors, convenient for meaſuring of angles, or 

flaiſing a perpendicular to another line 

Ag inſtrument for taking perſpective views with facility 

and accuracy, By this inftrument the draftſman is 
fure to obtain an accurate and juſt outline of any 
point of view, while thoſe who cannot draw may 

tanke the outline of a proſpect with little difficulty 

Pantographers, for reducing or ani drawings, 
ſhades, &c. 

A ſmall pantographer 

A common ditto: le 

A large ditto beſt 

A beſt ditto in braſs 


SURVEYING INSTRUMENTS. 


Plain tables, SR index EE 
Ditto larger, better made, and — - 
Ditto, with teleſcopic ſights 


Bieghton's plain table. In this as table the line of 


fizht is always over the center of the table, the 
Ration lines are always parallel to thoſe meaſured 
on the land, &c. | 3 


A common ee ee 


A portable ditto, with a nonius, for: Tang vertical and 


horizontal angles 

A common theodolite with plain; chts | 

A ſmall theodolite with teleſcopic ſights 

A theodolite with a vertical arch, teleſcopic ſight bs and 
ſpirit level 

A ditto, the horizontal and vertical motions — A 
pinion 

A ditto with ditto, and every e adjuſtment on 2 
ſmall ſcale 

A ditto of a larger e 

An 


KAC 


MATHEMATICAL INSTRUMENTS, & 
An air or ſpirit level, with teleſcopic ſights and' proper” 


adjuſtment ; for levellingground, W water, &c. 
A ditto larger 
A ditto ſmaller 
Pocket levels 


Adams's ſmall ſurveying ai; or prone: thoodulite; a 


5 with a nonius 

Ditto, with teleſcopic ſights 
Plain ſurveying compaſſes 
Plain circular protractors 
Circular protractors with a nonius 
Protracting compaſſes 


Station ſtaves, or ſtaves for levelling 


Green's teleſcope and tangent board, for meaſuring dl- 


tances at one ſtation - 
A way-wiſer, or meaſuring wheel 2 
Ditto with double wheels 
A ditto ſmall, made with braſs wheels 
A way-wiſer for a coach | 
A pedometer, to meaſure the T in walking - 
Surveying chains 
Meaſuring tapes | 
Miner's com paſſes . 
A ditto, with a ſmall 8 and ſtaff 
Optical ſquares 
Goniometers 


INSTRUMENTS for GUNNERY, Kc. 


Gunner's levels or perpendiculars old ſort 
Ditto, new ſort : 
Gunner's ſmall callipers 
Large ditto 

Shot guages 

Beam callipers 

Plain gunner's quadrants 
Ditto with ſpirit levels 

Ditto with adjuſting ſcrew and ballance _ 

Gen. Williamſon's inſtrument for howitzers, mortars, &c. 
Surveying compaſſes | 

Plain tables 

Theodolites 


. 


A compleat apparatus for an | artillery officer, in a maho- 5 


gany box Adams's 


— _ N 
« 22-2 7 ere Side 


6 A CATALOGUE OF. 
Adams's ſeftoral compaſſes, mare immediate! y adapted 
to the purpoſe of a military officer | 


INSTRUMENTS for ELECTRICITY. 


A-ſmall electrical machine and apparatus | 
A good ſized machine with a conductor and mg | 
A ditto, better fitted up | 
A large machine 
A larger ditto > 
Theſe machines are counted ſo as to 8 a large 
quantity of fire with as little friction as poſſible. 
Electrical machines, with a 9g inch glaſs * and a ſmall 
apparatus 
A ditto with a 6 inch glaſs globe 
An electrical machine with a ſingle flat plate 
Ditto with a double plate - 


ELECTRICAL APPARATUS. 


Medical bottles and aleQrometers 
Medical directors with a wooden point and braſs balls 
Medical tubes with a handle and joint 
A large jointed diſcharging rod 
A bent ditto | 
A ſtraight diſcharger with fliding rod 
An univerſal] diſcharger and preis | 
A fly and point | 
Plate and ſtand for dancing images 
Plates and glaſs for ditto > © 
Bells to hang on the conductor 
Five ditto on a pillar and foot 
An inſulating ſtand 
An inſulating ſtool | 
An inſulating chair EN 
Inſulating tongs | 
An electrophorus 
Kinnerſly' s electrical thermometer 
Lane's electrometer | 
Henley's quadrant electrometer 
Improved ditto 
Cavallo's rain eleromete; 
Pocket ditto 
Atmoſpheric ditto 


MATHEMATICAL INSTRUMENTS. 7 


An apparatus for making Mr. Cantor and Mr. Wilſon's 
experiments on attraction and repulſion 

Leyden analyfis, . or coated aurora borealis | 

A new apparatus for making en n in 
| "vacuo 

Ditto, furniſhed with leyden phials 

A luminous conductor 

A luminous word 
A ſpiral tube 

Ditto with a point 

A ſpotted bottle ; 

A double bottle, or one bottle on the other; being an ex- 


cellent apparatus to gain a clear idea of the Frank- 


linean theory 

A bottle and inſulating ſtand, for the ſame purpoſe | 
A ſpider bottle ? 
An artificial ſpider | 

An electrical piſtol for firing inflammable. air 

An electrical piſtol on a larger ſcale 

An electrical cannon for firing gunpowder 

A luminous circuit 

Apparatus for experiments on the plate of air 

Electrical batteries 

A thunder houſe 

A powder houſe 

A pyramid 

A rod and ball turning on a point 

A magic picture 

An electrical boat and glaſs tubes for breaking 
Bottles with bent wires 

Bottles with wires to ſcrew in at 88 

An apparatus for ſhewing that the Franklinean theory 


is inconſiſtent with itſelf, and inadequate to the 


purpoſe of explaining the various electric n 
mena | | 

1 wok s paper wheels 

| aps hoop with thread 


PNEUMATIC INSTRUMENTS. 


A ſingle- barrel table air pump 
A ſmall double barrel air rung 


A larger ditto A table 


6 
| 


„ "CATALOGUE or 


A table air * E e 

A condenſing engine und- ei laſs. receiver. 

Smeat6n's air pump, for exhauſting and condenſing air 
with the utmoſt accuracy, on the moſt imprpyed plan 

An apparatus for making experiments on fire in vacuo 

Adams's improved apparatus for A eee e 
riments in vacuo 

An apparatus for mixing different Auids i in vacuo 

A ditto for mixing of powders in vacuo 57 

An apparatus for ſtopping a bottle in vacuo 

A double transferer for deere a vacuum from 
one receiver to another 

A aching to ſtrike a hammer againſt a; bell in v vacuo or 
condenſed air 

Two braſs hemiſpheres, ſtop cock, and ring 

A ditto of a ſmaller ſize 

A ſet of mills for experiments on the reliflanich of che air 

Guinea and feather ' apparatus with chree fals 

Ditto with two falls 255 

A burnt air pipe for experiments on infolled ac 

A ſingle transterer, with a jet for a fountain 

A copper bottle, beam, and ftand, for WO wle 
or condenſed air 

A glaſs ball for weighing of air 

A box, bladder, and lead weights ; the. : rights 01 be 
raiſed by the ſpring of the air : 

A ſyringe and lead weight 4551 

A bolt head 95 

%%% ⁰¶ , men 15511555 

The toricellian c „ e un, a=l3 

A lungs glaſs 85 hh „. ii chi, 2511. 

A bladder glaſss 

A water pump, to prove hates is no > fuck chin: as ; ſuftion 

A ſmall receiver and plate for ditt 

Apparatus for firing gunpowder in vacuo 

A gun-lock for ſtriking a flint in vacuo ' . 2 

A filtering cup Nanu gen $235 

Plate and wood for experiments c on the poriſity of wo 

Fruit ſtand | 

Cap for ſinking bladder 23.46 1 

Plate and collar of leathers | 

Inflated bladders 

A ſmall ballence beam and ſtand to be uſed in vacuo © 


A*wire cage | 1 | 


* 
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MATHEMATICAL INSTRUMENTS. 4 


_ Glaſſes for breaking 
A variety of glaſs receivers of different ſizes | 
Two receivers and ſtop cock for making a (adden xacuum 
Mercurial ſtorm 
A bent capillary tube for ſhewing the effects of a vacuum 
on fluids in capillary tubes hy | 
A plain barometer | 
| A barometer and thermometer 


A barometer with a glaſs door 
A barometer and thermometer with ditto 5 


A barometer and cylinder thermometer 

A barometer with a guage, thermometer and ſcale of car- 
rection, with double hinges 

A barometer for meaſuring heights 

A diaganal barometer 

A triple ditto 

A ſtatical ditta 

A marine ditto 

Coventry s new invented accurate hygrometer | 

Smeaton's hygrometer 

Fahrenheit's thermometer 

Ditto larger 

Ditto ſor the brewery 

Botanical thermometers 

Neaumur s ditto 


APPARATUS for ELASTIC FLUIDS. 


A large trough 5 

A ſmall ditto 2 quickſilyer | 

Lavoiſier's apparatus for mixing fluids in a large receiver 

A pillar and clips for ſupporting tubes, &c. 5 

Stop cocks and tubes 

Apparatus for lighting a candle by electricity or gn; 

mable air 

Eudiometers for aſcertaining the ſalubrity of the air 

A thermometer for aſcertaining the heat loſt or gained i in 
mixtures, &c. to the 10th part of a degree z 

Withering's apparatus for making Pyrmont waters, "oY 

A meaſure with a fliding cover tor ana, a Certain 


quantity of air 


10 A CATALOGUE! OF/ 


INSTRUMENTS for illuſtrating the M- 
0 CHANZIC PowERs, the Laws of Mor ION, &c. 


A ſmall conciſe apparatus for illuſtrating the nature of 
the pulley, the lever, the inclined plane, the wedge, 
the wheel and axle, the ſcrew a compound engine, 
the hammer lever, and compound lever 

A machine for illuſtrating the theory of central forces. 
In this machine the times are marked by ſound, the 

ſpaces are ſhewn by an index, the errors ariſing from 
friction are ſo far leſſened as to be ſcarcely ſenſible. 

A hollow glaſs globe for ditto | | 

A flexible globe for ditto | PS Ty ns | 

A new machine for demonſtrating with accuracy the laws 
of accelerated, retarded, and rotatory motions, &c. 
This forms one of the moſt ſcientific and pleaſing 
inſtruments in mechanics, as well from the variety 
of experiments which are made with it, as from the 
accuracy with which they are performed _ 

A double cone to move up an inclined plane 

A cylinder to aſcend an inclined plane 

An apparatus for ſhewing the nature of the three kinds 
of levers : | EE, HIP | 

A large ſtrong graduated beam for ſhewing the properties 
of the lever. In this the power, weight, and tulerum 

are moveable A OA TT Ct 

Pullies of all the various combinations and conſtructions 

A ſmall carriage with its appendages for experiments on 
wheels Er yt ĩ 

A machine for ſhewing the properties of the inclined plane 

A machine for ſhewing the nature and properties of the 

wedge, on the lateſt conſtruction _ | 

Apparatus for ſhewing the properties of the ſcrew 

Ditto for ſhewing the properties of the wheel and. axle 

Ditto fot the properties of the balance with a curious beam 

Roberval's (paradoxical) balance | 5 

A cycloidal lever and apparatus. See Emerſon's Mechanic, 

Prop. 20, 25. eg Tn $45 

A large frame, the ſides graduated for ſhewing in the moſt 

obvious manner the loſs of time in mechanic powers 

Mariott's mechanical paradox TIE, 

A model of Archunedes's ſcrew 

2 1 A com- 
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To find the age of and bearing of one 
place from another 

4 parallel ſphere 

A right ſphere 

An oblique ſphere 

Of the twilight 

1 ⁰ repreſent the earth's enlightened diſc by the 
terreſtrial globe 

Pros. XVII. Tao rectify the terreſtrial lobe that the 
enlightened half may be apparent for any time of 
the year 

 PRoB, XVIII. The times of equinox 

PROB. XIX. The ſummer ſolſtice 

PROB. XX. The winter ſolſtice 

The terreſtrial horizon | 

Pros. XXI. The ſun's altitude as obſerved with a 
terreſtrial horizon 

Pros. XXII. The ſun's meridian altitude at three 
different ſeaſons 

Pros. XXIII. To find the ſun's meridional altitude 
univerſally 

ProB. XXIV. The ſun's azimuth compared with 

the viſible horizon 

P ROB. XXV. The Aſcii 

PROB. XXVI. Amphiſcii, Heteroſcii, Periſcii, An- 
tæci, Periæci, Antipodes 

PROB. XXVII. To find all thoſe places on the globe 
over whoſe zenith the ſun will paſs on any given day 

Pros. XXVIII. To find the ſun's declination, and 
thence the parallel of latitude correſponding there- 

with, upon the terreſtrial globe 

Pros. XXIX. To find thoſe two days on which the 

ſun will be vertical to any place between the tropics 


"TTY 
171. 


Page 


120 


120 
123 
124 
124 
125 


126 


129 


132 


134 
136 
137 


138 


139 


14¹ 


142 


145 
147 


150 


152 


152 


Pros. XXX. The day and hour at any place being 


given, to find where the ſun is vertical at that time 
PR OB. XXXI. The time of the day being given, to 
find all thoſe places where the ſun is then riſing 
and ſetting on the meridian, where he is vertical; 
alſo, midnight, twilight, dark-night, &c. at ihe 
ſame inſtant 


153 


154 
. „ 


WW] Tie/ CONTENTS 
Page 


Paos, XXXII. To find the time of the ſun's rifing - -* 
and ſetting, length of day and night, &c. in any 
place between the polar circlesz and alſo to find 
the climate Te I56 

PRoB, XX XIIT. To find thoſe places within the polar 

Circles on which the ſun begins to ſhine, the time 
he ſhines, when he begins to diſappear, length of - 
his. abſence, and the firſt and laſt day of his ap- 


„% -; | 7 159 
Pros, XXXIV. To find the length of any day in 
the year in any latitude — | 161 


ſhorteſt days in any latitude 162 
Pros. XXXVI. To find the latitude of a place in 
which its longeſt day may be of any given length 
between twelve and twenty-four hours _. 
Pros, XXXVII. To find the diſtance between any 
JJ Eff * | 163 
PROB. XX XVIII. To find all thoſe places which 
are at the ſame diſtance from a given place 164 
Pros. XXXIX. To ſhew at one view upon the ter- 
reſtrial globe for any place the ſun's meridian alti- 
tude, his amplitude, or point of the compaſs on 
which he riſes and ſets every day in the year 165 
PROB. XL. To ſhew at one view upon the terreſtrial 
globe the length of the days and nights at any par- 
_ ticular place for all times of the year | 166 
1 ProB. XLI. To find what conſtellation any remark- 
1 able ſtar, ſeen in the firmament, belongs to 170 
Pon. XLII. To find at what hour any Known ſtar 
paſſes the meridian any day in the ycar 171 
ProB. XLIII. To find on what day of the year any 
ſtar paſſes the meridian at any propoſed hour of 
the night _ i ps | 
Po. ALIV. To trace the circles of the ſphere in 
| the ſtarry firmament . 2 
4 To find the time of the ſun's entry into the firſt point 
| of Libra or Aries, and thence that point in the 
ecliptic to which the ſun is vertical at either of 


Pros. XXXV. To find the length of the longeſt and 


172 


172 


theſe times | 170 
To look for the uſe of the tables of retroceſñon and 
diurnal equinoxes 1380 


0 
2 8 * . & 
Af; M " 
LY * [7 
WA 0 +» 4 
SO ET Te 
1 , > 0.4 r ; ; 
. Z * N 
= * - ; 
- 
- <—_—_— : 
' x . 
-x ” 3 
a SAI 2 Fr 
8 % 


5 1 HE | 
ff WE 50 
Page 
Comprehenſive vi view of the ſolar elicin 'L£ 
A The orbits of the planets 4 
ercury : | 6 
Venus * 
Elongation of the planets 8 
The earth | 13 
Our ſummer longer than the winter N 
Mars, Jupiter, and Saturn 5 | 21 
e Moon be 
Satellites of Jupiter and Saturii e Zr 
Parallax of the heavenly bodies | 35 
Refraction of the en e „ 
Solar and lunar eclipſes ; "NE: 
Artificial globes, terreftrial and celeſtial, what 47 
The broad paper circle on the ſurface of the 
- waoden frame deſcribed 52 
PROBLEM I. To find the ſun's place 3 
The ſtrong braſs circle, or meridian 56. 
The horary circle | 58 
Fhe motion of the terreſtrial globe 60. 
e of the celeſtial globe 60 
Thin braſs ſemi-circle 60 
The braſs quadrant of altitude 61 
The ſeveral circles deſcribed on each globe 62 
The equator | 63. 
PROB, 82 To find the latitude of a place be 


Pros. III. To find all thoſe places which have the 


ſame Jatitude with any given place 65 
PROB, IV. To find the difference of latitude between 


any two places | 66 
PROB. V. To find the declination of the ſun or any ſtar 66 


b! PRoB, 


— EIE IODY 


ii The CONTENTS. 


Page 

Pron. VI. To find aber ſtars paſs over or nearly over 
the zenith of any place 68 
Celeſtial and terreſtrial meridians, what 69 
Pros. VII. To find the longitude of a place 71 


Pros. VIII. To find what places have mid-day, or 
the ſun upon their meridian, at any given hour of 
the day, in any place propofed | 74 

Pres. IX. To find what hbur it is at any place”) dro | 
poſed, when it is noon at any given place 

Pros. X. At any given time of the day at the place 
where you are to find the hour at any other place 
propoſed ,.. 7 

Pros. XI. The latitude and longitude of any place 

being known, to find that place upon the globe; 
or if it be not inſerted, to find its place, and fix the 
artihcial horizon thereto | | 79 

The ecliptic defcribed | 89 

The celeſtial figns and conftellations _ _ | 

General pheenomena ariſing from the earth's Feral 


motion a 86 
Parallels of latitude, declination, tropics, and polar 

circles | 88 
The colures | 94 


Arctic and antarctic circle 
The cauſe of the daily change in the declination of 


the ſun | 99 
To ſupply the want of a tellurian 108 
PROB XII. To rectify either globe to 555 latitude 

and horizon of any place | 107 
To rectify for the ſun's place , | 108 

for the zenith of any place | 109 


Pros. XIII. To find the moon's mean place, her 

age and day of the month being known 110 
PROB. XIV. To repreſent the apparent diurnal mo- 
tion of the ſun, moon, and ſtars, on the celeſtial 


globe 113 


Their time of riſing, oblique aſcenſion, right aſcen- 
ſion, declination, oblique deſcenſion, aſcenſional 

difference, &c. from art. 197 to 206 

Parallels of altitude, what 117 


PROB. XV. To find the ſun's altitude ne, £32. 


_ Azimuth or vertical circles, what 1 


„ 


The CONTENTS. vil 
2 | Page 
ProB, LXXI. Two ſides and an angle oppoſite to $ 


one of them given, to find the reſt 297 


PRoB, LXXII. Two angles and a ſide oppoſite to 
one of them given 175425290 
PRoB, LXXIII. Two ſides and their contained 
angle given EY 2300 
PROB, LXXIV. Two angles and the included fide 
given „ e e ee 
ProB. LXXV. Three ſides given, to find the angles 302 
Pros. LXXVI. The angles given, to find the ſides 303 
The uſe of the globes in the ſolution of ſpherical 
problems | We ent : + bore” 727905 
Pros. LXXVII. Given, the ſun's place, the incli- 
nation of the ecliptic and equator ; to find the + 
ſun's right aſcenſion, diſtance from the north pole, 
and the angle which the meridian, paſſing through. 
the ſun at that place, makes with the ecliptic + - 
POB. LXXVIII. Given, the ſun's place, declina- 
tion and latitude, To find his jifing and ſetting; - 
the-length-of the day and night; the amplitude 
of the riſing ſun from the eaſt, and of the ſetting 
ſun from the weſt; and that of the path of the 
vertex in the edge of the illuminated diſe 
ProB, LXXIX. Given, the latitude and declina- 
tion, to find the ſun's diſtance from the vertex at 
the hour of ſix, and his amplitude at that time 313 
PROB. LXXX. To find the ſun's diſtance from the 
vertex when due eaſt and weſt, and the hour from 
noon when in either of theſe points | 316 
Pros, LXXXI. Given, the hour from noon, and | 
the ſun's diſtance from the pole; to find his diſ- 
tance from the vertex 5 318 
PRO B. LXXXII. Given, the ſun's diſtance from the 
pole, the latitude and ſun's diſtance from the ver- 
tex by obſervation; to find the time of the day, 
and the azimuth upon which the ſun was at that 
time f | 319 
PROB. LXXXIII. Given, the latitude, ſun's place, 
and right aſcenſion: to find what point of the - 
| ecliptic culminates, its higheſt point, &c. The 
' diſtance of the nonageſimal from the vertex, and 
the angle made by the vertical circle paſſing through 


the ſun at that time with the ecliptic 322 
| PROB. 


— 


vi The CONTENTS. 


Phe LXXXIV. Given, the latitude, right afcen- 
fion and declination of any point of the ecliptic, 

or of à fixed ſtar: to find its riſing and ſetting 
amplitude, its aſcenſional differetion, and thence 1 
its oblique aſcenſion 8 327 

PROB. LXXX V. Given, the lange the points of 
the ecliptic with M hich a ſtar riſes dr ſets, and the 

15 altitude of the , en when thoſe points are 
upon the horizon find in what points of the 

. N the ſun muſt be to make the ſtar when 
riſing or ſetting appear juſt free from the ſolar 

- xays; and thence the times of its heliacal Tiling : ; 
and ſetting 558 332 

PRO. LXXXVI. ee the latitude; A ancient 
longitude of a fixed ſtar, to find i its right aſcenſion 


Pagé 


and declination - oy 
A table of retroceſſion and autumnal equinoxes 339 
— -of- months FE . 34 
—— of week dayͤs | 45, . 382 


—— of the horacy difference in the en of 
the firſt point of n at the time of a vernal | 
EequinoX ) - 341 

——— — of the en of the bange of the firſt 
point of Aries over the meridian, for every day 
in 1 the year | 342 


* 


A CO M- 


. _ 


7 Page 

DO 

To reduce hours, minutes, and ſeconds of time; intag 
degrees, minutes, and ſeconds of the equator 193 
The contrary. 194 


PRoB. XLV. To find all thoſe places where it is. 

- Noon at the time of an equinox, as well as that 
point upon the equator to which the ſun is vertical _; 
at that time I 95 
f the natural agreement between the celeſtial and 
terreſtrial ſpheres 3 or, How to gain a perfect idea 

of the ſituation and diſtance of all places upon the 
earth by the ſun and ſtars ' 199 

Pros. XLVI. To find the ſolar correſpondence to 
a fixed point upon the earth, when the ſun is ſeen 
by an obſerver ſituated upon any other point of 

its ſurface 202 


Of the «celeſtial correſpondents 210 


Of the paſſage or tranſit of the firſt point of Aries 
over the meridian . 212 
ROB. XLVII. To find the time of the right aſcen- 
ſron of the firſt point of Aries upon any meridian 218 
The uſe of the tables of right aſcenſion 219 
| For. XLVIII. To find the time of the right aſcen- 
ſion of any ſtar upon any particular meridian on 
any day in the year 224 
PRos, XII. To rectify the celeſtial globe for any 
1 in the evening of any day in the year by the 
knowledge of the time when the firſt point of Aries 


ſhall paſs the meridian that day 2b 
The correſppndency of the fixed ſtars / 229 
Pros. L. To find all thoſe places to which any ſtar 

is a correſpondent 230 


A general deſcription of the paſſage of the ſtar 3 in 
the head of the conſtellation Draco, over the pa- 
rallel of London 232 
Pros, LI. To find a ſignal or warning-ftar that {hall 
be upon or near the meridian of an obſerver at the 
time any known ſtar is perpendicular to any place 
on its correſponding parallel = 200 
ROB. LII. The phœnomena of the harveſt- moqn 248 
ROB. LIII. To find the time of the year in which 
A 5 riſes or ſets coſmically or achtonically 5 253 
_ ROB. 


— 


it 

. 

= 

W 

i 

5 4 
z 


\ 
Nö ann 
— 
5 ” NE oo TTY, Py a 434 5508 
5 heb wy n 


vi. The CONTENTS. 


non LIV. To find the time of the heliacal fig 
and ſetting of a ftar 

The manazil al kamer of the Arabian aſtronomers 

Pros. LV. To find a meridian line 

Pros. LVI. Of the equation of time 

Pros. LVII. To obſerve the ſun's altitude by the 

. terreftrial globe when he ſhines bright, or when 
he can but juſt be diſcerned through a cloud 


Page 


254 
256 
2600 
204. 


-— 


FRoB. LVIIL To place the terreſtrial globe in the 


fun's rays, that it may repreſent the natural po- 
| ſition of the earth, either by a meridian line, or 
without it 

Pros. LIX. To find natarally the ſun's declination, 
diurnal parallel, and his place thereon - 

Pros. LX. To find the ſun's azimuth naturally 

PROB. LXI. To ſhew that in ſome places of the 
earth's ſurface the ſun will be twice on the ſame 
azimuth in the morning, and twice on the ſame 
azimuth in the afternoon 

Pros. LXII. To obſerve the hour of the day in the 
moſt natural manner when the terreſtrial globe is 
properly placed in the fun-ſhine 

Method to rectify the terreſtrial globe to the ſun's rays 

ProB. LXIII. To find when the planet Venus is a 
morning or an evening ſtar 

Pros. LXIV. To find at what time of the night 
any planet may be viewed with a reflecting tele- 
fcope 

Pon. LXV. To find what azimuth the moon is 
upon at any place, when it is flood or high water ; 3 
and. thence the bigh tide for any day of the moon's 


age 
The ufe of the globes in the ſolution of right angled 


fpherical ge 
Pros, LXVI. The hypothenuſe and one leg, to 
find the reſt 


Pros. LXVII. The hypothenuſe and an angle given 


PROB. LXVIII. A leg and its adjacent angle given 


ProB. LXIX. Both legs given 
Pros. LXX. Both angles given, to find the fides 


_ angled ſpherical triang 


DY% * & & £ 

| ? 

1 
* , ry 


272 


275 


276 


277 


279 
283 


284 


285 


287 
289 
290 


292 
293 


294 
295 
The uſe of the globes in the ſolution of oblique- 
PROB. 


2 . 


% * 
- 
LY - - 
- 
— 
* 1 
\ 
« * 
- . 
* * 
< 
— * — 
— n 
= * 
— 
- 
= 
* 
* \ » 
\ 
— od - 
. — 
* 
* 
% i \ * 
jw” ; ; 
* 
* — 
* \ 
— 
) *. 
* 
x 
2 # 
* 
— — 2 
Py 
- 
1 * 
— — 
DP ? 
— 
* o . 
. „ 
L 
* 1 :, 
8 * 
"Y i 
— # 
x 
* . 
. 
% o 
% . 
% 
t © . 
. 2 Fo 
— * 
. - 
* = 
— 
7 
- * E 
? % 
% oy 
* 
* 
* 
* 
Fg 
1 4 
Ws . - 
- 
* 
— — * 
% 
— 4 
* 
o 
5 * - 
EPR CC en ——ͤ—Mö—ä—— ——»wH 2 — —ü—ä4—ä 2 — 
Mitts rn —P rn Üb aooans — T mp ee 


